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phenom agen controlling gastrie secretion have been the object of much 
research after attention to this subject was aroused in the nineteenth 
century by the careful clinical observations of Beaumont (1833),’ of early 
European physiologists (1852-1885),?* and by the epochal work of Pavlov 
(1897).° Studies of neural regulation have chiefly concerned the vagus nerves, 
while experiments regarding the role of the sympathetic nerves supplying 
the stomach have been less numerous and their results equivoeal. 

Pavlov’ postulated that secretory fibers from the sympathetic chain to the 
stomach exist, although he admitted that his reasoning was entirely by 
analogy from knowledge regarding the salivary and pancreatic glands. He 
applied Heidenhain’s theory of ‘‘seeretory’’ and ‘‘trophie’’ nerves to the 
stomach, and wrote extensively about the secretory-inhibitory complex of 
nerves to the gastric glands, but did not delineate these pathways with re- 
spect to the parasympathetic and sympathetic nervous systems. Lighstone 
(1924)* stated that the pylorie portion of the stomach was supplied solely 
by sympathetic nerve fikers which were chiefly inhibitory. Bickel (1925)* be- 
lieved that the parietal and peptic cells of the stomach received both excita- 
tory and inhibitory fibers from the sympathetic nervous system. According to 
his theory the vagus nerves were responsible for the liquid portion of the 
gastrie juice, while the sympathetic branches supplied stimulation for the or- 
ganic material and the enzymes. 

After section of the splanechnie nerves it was noted by Pavlov and 
Shumov-Simanovski (1895)° that gastric secretion provoked by sham feeding 
did not present its usual change in volume and that an increase in total solids 
of the juice did not occur. An increase in the free and total acidities of gas- 
trie juice was described by Schupfer (1906)'° after excision of the anterior 
and posterior spinal roots from the fourth to the ninth thoracie segments in 
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the dog. A similar change was also observed by Gaultier (1907)*' after ex- 
tirpation of the celiac plexus in the dog. Ishida (1922)'* found no change in 
the secretion from a Pavlov pouch after section of the sympathetic chain be- 
tween the eighth and ninth thoracic vertebrae in a dog. His conclusion was 
supported by Brown (1933)!* who did not find any change in the free and 
total acidity in response to histamine stimulation of gastric secretion in a cat 
after preganglionic sympathectomy of the splanchnies or after celiac gangli- 
onectomy. 

Hess and Faltitsechek (1924)!* described an increase in the total and free 
acidities of gastric juice after the paravertebral injection of a Novoecain- 
suprarenin solution at the level of the seventh and eighth thoracie segments 
in man. This effect they attributed to blocking of sympathetic inhibitory 
fibers to the stomach. Subsequently (1925) they failed to observe any 
changes in gastrie acidity or motility of peptic ulcer patients after sympathec- 
tomy. 
That an inerease in the free and total acidity of gastric juice occurred 
after section of the splanchnic nerves in the dog was reported by Foa (1927),*° 
Moll and Flint (1928) ,1*7 and Trinehera and Rindone (1930).'§ 

Electrical stimulation of the splanchnic nerves in dogs produced an in- 
crease in gastric secretion according to Volborth and Kudryavzeft (1927). 
Similar studies in cats by Baxter (1932, 1934)*° *! demonstrated an increased 
secretion of a thick alkaline mucus after splanchnie stimulation, although the 
electrolytic constituents remained constant. In later experiments in eats with 
esophagotomy and gastric fistula, Baxter (1934)? established that following 
bilateral splanchnicectomy there was a continuous fiow of mucus and that the 
secretion stimulated by sham-feeding showed no significant change in quan- 
tity or quality from that observed in normal animals. Heslop (1938),?° after 
stimulating the splanchnic nerves in cats and dogs, found an increased acidity, 
a diminished volume, and an inereased mucus production. He attributed his 
results to the presence of vagal fibers in the splanchnic nerves, an anatomic 
fact previously described by several authors.** *° 

Pieri and Tanferna (1932),?° in studies with normal and gastrie uleer 
patients, claimed that following resection of the sympathetic rami of the 
seventh and eighth thoracic segments there was a diminution of the free and 
total acidity and the peptie power of the gastrie juice. 

According to Babkin (1950),?7 a continuous formation and discharge of a 
mueoid fluid occurs after splanchnicectomy, but he has not observed any in- 
crease in the secretion of the acid portion of the gastric juice. Whether this 
secretion of gastric mucus is due solely to the vascular changes after sympa- 
thectomy, similar to the production of intestinal juice after denervation of 
an isolated loop (Starling, 190675), and can be attributed to the vasomotor 
changes following splanchnicectomy (Laignel-Lavastine, 1924°°), or whether it 
is due to an imbalance between autonomic secretory nerves is yet undeter- 
mined. Peptie ulceration in dogs and rabbits following splanchnicectomy has 
been reported by Durante (1913),°° Braneati (1914),*1 Koennecke (1922),*? 
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Alvarez and associates (1929),** Koga (1937),** and Lium (1941).*% Keller 
(1936)** performed thoracolumbar sympathectomies in dogs, but found no 
ulcerations when these animals were sacrificed and examined within a post- 
operative period of 14 days. 

Mayo (1949),*? in deseribing the neurogenic control of gastric secretion, 
wrote, ‘‘Both the vagi and splanchnies contain inhibitory fibers. ...’’ Drag- 
stedt (1946),°* in discussing the neurogenic etiology of peptic ulcer and the 
effect of sympathetic hyperactivity, said: ‘‘No changes in the secretion of 
gastric juice would be expected.’’ Babkin (1950)*" perhaps best summarized 
our knowledge regarding this subject: ‘‘Experimental data concerning the 
relation of the sympathetic nervous system on the secretory function of the 
stomach are few and of a controversial nature.’’ Pharmacologic stud- 
ies,” 17 9°48 ytilizing sympatholytic and sympathomimetic substances and 
their effect on gastric secretion, have yielded conclusions as ambiguous as 
surgical extirpation and electrical stimulation experiments. 





Fig. 1.—Diagrammatic sketch of the type of total pouch used in obtaining samples of gastric 
juice. ‘ 


METHOD OF INVESTIGATION 


We have attempted to determine the function of the sympathetic and para- 
sympathetic nerves in gastric secretion by analyzing samples of gastric juice 
obtained from total gastric pouches after various procedures altering the 
nerve supply of the stomach. This type of gastric pouch is similar to that 
originally described by Fremont (1895),‘° except that in our animals ali- 
mentary continuity was re-established by an esophagojejunostomy rather than 
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by an esophagoduodenostomy. Total gastric pouches have been previously 
utilized for this type of study by Lim, Ivy, and MeCarthy (1925)°° and by 
Dragstedt and Ellis (1929, 1930),°" >? as well as by other investigators who 
analyzed the gastrie juice obtained from normal and vagotomized animals. 

Pouches of the total stomach were prepared in a total of 39 dogs (Fig. 1). 
In 14 of these both the vagus and the sympathetic nerves to the stomach were 
left intact. In 12 animals complete bilateral vagotomy at the level of the 
eardia of the stomach was done while preparing the pouch. In 9, bilateral 
transthoracie preganglionic sympathectomy with excision of the sympathetic 
chain and splanehnie nerves from the region of the sixth thoracic to the see- 
ond lumbar segments inclusive was performed in a 2 stage procedure com- 
pleted approximately 2 weeks prior to construction of the pouch. In 4 dogs 
bilateral section of the cardioaortie and the carotid sinus depressor nerves, as 
described by Heymans (1933),°* was done, creating a generalized efferent 
sympathetic hyperactivity.** *> A minimum of 2 weeks was allowed to elapse 
from the time of this procedure to the pouch operation. The efficacy of the 
aortic depressor neurectomy may be determined by the degree of secondary 
neurogenic hypertension which it causes. In our animals the mean systolic 
arterial blood pressure produced by this operation varied between 180 and 
240 mm. of mereury. 

Each morning the animals were given 1,000 ¢.c. of normal saline or 
Ringer’s solution intravenously, this being necessary to prevent alkalosis and 
maintain the normal electrolyte content of the blood. Following infusion a 
sample of gastric juice was collected from each anima] for 60 minutes. 

Samples were not analyzed for the first 4 days following operation or 
during week ends. The results for the several days prior to death were not 
considered in the final summation. In general the observations extended over 
a period varying from 2 to 8 weeks. The usual cause of death was inanition. 


TABLE I. GASTRIC SECRETION FRoM TOTAL POUCHES WITH NERVES INTACT 




















FREE | TOTAL 

DOG | c.c./HR. | ACIDITY* | MEQ./HR.t pH PEPSIN/C.C. P.A.f | P.A.$ 
23 52 122 6.2 1.1 38 53 2,800 
24 69 116 8.0 1.2 BY | 49 3,400 
25 37 81 3.0 1.4 31 38 1,400 
28 51 113 5.7 1.4 37 46 2,300 
29 87 137 11.9 1.3 33 43 3,700 
37 35 108 3.8 1.2 36 48 1,700 
38 51 129 6.6 i 31 43 2,200 
39 67 94 6.3 1.2 31 42 2,800 
41 47 102 4.8 1.6 32 35 1,600 
42 46 92 4.2 17 37 38 1,700 
43 42 107 4.5 1.3 38 49 2,100 
55 39 100 3.9 1.4 39 48 1,900 
56 36 95 3.4 1.5 30 34 1,200 
58 25 121 3.0 1.3 39 46 1,200 
Average 49 108 5.4 Ls 35 45 2.200 





*Free acidity expressed in clinical units. 


+Meq., Milliequivalents. 
iP. A., Peptic activity; pepsin corrected for pH with 1.75 representing 100 per cent. 


§Total peptic activity equals P. A. times volume. 
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TABLE II. GASTRIC SECRETION FROM TOTAL POUCHES AFTER VAGOTOMY 














FREE TOTAL 

DOG | c.c./HR. | ACIDITY | MEQ./HR. | pH blaiiadi P.A. | P.A. 
13 5 20 0.1 3.3 37 12 100 
15 25 56 1.4 1.8 35 34 900 
28 15 58 0.9 1.4 29 37 600 
29 7 32 0.2 1.8 ot 36 300 
30 15 95 1.4 2.4 33 20 300 
an 24 83 1.9 1.4 31 38 900 
32 11 49 0.5 2.0 35 29 300 
36 17 48 0.8 1.8 39 38 600 
44 10 80 0.8 2.3 29 19 200 
56 7 39 0.3 2.2 32 23 200 
57 4 93 0.4 1.4 33 41 200 
60 8 26 0.2 2.8 31 15 100 
Average 12 57 0.7 2.1 34 26 300 





Frequent determinations of the blood chlorides showed them to be maintained 
within normal limits. The animals were given a liquid or semisoft diet of 
eggnog, commercial dog food, and bread. One-half normal saline solution 
was given to them for drinking instead of ordinary water. The value of the 
hourly secretion was measured and the sample analyzed for free acidity, 
pepsin, and pH. The free acidity was measured by titration with 0.1 N 
sodium hydroxide and the results expressed in clinical units. Total pepsin 
was determined by the turbidity of a standard albumin solution after diges- 
tion with the gastric sample as outlined by LeVeen (1946).5*°" The glass 
electrode was used for determining pH. The results are illustrated in Tables 


I to V. 


TABLE III. GASTRIC SECRETION FROM ToTAL POUCHES AFTER PREGANGLIONIC SYMPATHECTOMY 
AND SPLANCHNICECTOMY 




















FREE TOTAL 
DOG | c.C./HR. | ACIDITY | MEQ./HR. pH —- P.A. P.A. 
6 77 92 7.1 1.4 44 54 2,400 
10 163 146 23.4 1.6 42 45 7,300 
12 50 123 6.2 1.4 40 49 2,500 
20* 79 120 9.5 1.2 
26 48 105 7.2 1.8 29 28 1,300 
49 68 96 6.5 1.5 37 42 2,900 
51 73 101 7.4 1.4 38 47 2,800 
52 96 107 10.3 1.4 33 41 3,900 
65 34 96 3.3 1.5 37 42 1,400 
Average 76 110 9.0 1.5 38 43 3,300 





*Pepsin determinations not done on this animal. 


TABLE IV. GASTRIC SECRETION FROM TOTAL POUCHES AFTER AORTIC DEPRESSOR NEURECTOMY 
(EFFERENT SYMPATHETIC HYPERACTIVITY ) 




















FREE TOTAL 

DOG C.c./HR. ACIDITY MEQ./HR. pH PEPSIN/C.C. P.A. P.A. 
11 38 95 3.6 13 34 44 1,700 
22 23 66 1.5 2.2 38 27 600 
25 27 67 1.8 2.3 45 30 800 
114 16 60 1.0 1.9 41 37 600 
Average 26 72 2.0 1.9 40 34 900 
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TABLE V. SUMMARY OF RESULTS FROM VARIOUS NEUROGENIC PREPARATIONS OF TOTAL GASTRIC 
POUCHES 

















| FREE | | PEPSIN/ | | TOTAL 
C.C./HR. | ACIDITY |MEQ./HR.| pH Co. | PA. | PA. 

Intact pouch (229) * 49 108 5.4 : 35 45 2.200 
After vagotomy (182) 12 57 0.7 2.1 34 26 300 
After sympathectomy (82) 76 110 9.0 1.5 38 43 3,300 
After aortic neurectomy (45) 26 72 2.0 1.9 40 34 900 





*Numbers in parentheses after various groups are total number of samples analyzed. 


Hourly Volume.—The amount of gastric juice secreted per hour by the 
intact total pouch averaged 49 e.c. in contrast to an average of 76 ¢.c. after 
sympathectomy, 12 ¢.c. after vagotomy, and 26 ¢.c. after aortic neurectomy. 
These results are in accordance with those found by others who studied in- 
tact and vagotomized total gastric pouches.®® It is noted that the effect of 
the aortic neurectomy, which causes a sympathetic hyperactivity, is directly 
opposite to sympathectomy. 

Free Acidity—F or the intact pouch the average was 108 clinical units 
as compared with the mean of 110 units after sympathectomy, 57 units after 
vagotomy, and 72 units after depressor neurectomy. These determinations 
roughly parallel those of the hourly volume with the exception that the acid- 
ity after sympathectomy is not appreciably increased per unit of gastric juice. 

Milliequivalents.—The total milliequivalents of free acid were 5.4 for nor- 
mal animals, 9.0 after sympathectomy, 0.7 after vagotomy, and 2.0 following 
aortic depressor neurectomy. This expresses more accurately the actual 
amount of acid present in the stomach, contrasted to the free acidity which is 
determined in an aliquot sample. 

pH.—An average value of 1.3 was found for the intaet pouch, 1.5 for the 
pouch after sympathectomy, 2.1 following vagotomy, and 1.9 after aortic 
neurectomy. 

Pepsin.—The amount of pepsin per cubie centimeter as expressed in mg. 
of albumin digested showed smaller differences in the various groups. The 
means were: intact pouch 35, after sympathectomy 38, after vagotomy 54, 
and after aortic depressor neurectomy 40. This method of pepsin determina- 
tion does not illustrate the differences due to varying pH’s since the analysis 
is performed at a standard pH of 1.75 which is assumed to be 100 per cent. 
The differences in peptie activity when the pepsin is related to the pH as 
illustrated in Fig. 2 is shown in each table. The average peptic activity for 
the intact pouch was 45, for the pouch after sympathectomy 26, after vagotomy 
43, and after depressor neurectomy 34. Total peptic activity, represented as 
the product of the volume and the peptic activity, is calculated in the tables 
and further accentuates the differences due to volume and pH. 


DISCUSSION 


Our primary interest was to investigate the effect of the sympathetic 
nerves on gastric secretion. We observed that the most significant change 
after sympathectomy was the marked increase in the quantity of gastric juice. 
This suggests that the sympathetic nerves normally exert an inhibitory in- 
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fluence on gastric secretion. The importance of an increased volume in the 
etiology of peptic ulcer has been emphasized by some®® ®° who found an ap- 
preciable increase in the nocturnal secretion of ulcer patients, although oth- 
ers®! © presented evidence which tends to refute this observation. Despite 
the unit concentration of free acid and pepsin remaining relatively unchanged 
in sympathectomized animals, the increased volume results in an augmented 
total acidity and total peptic activity. Because of this increased volume, 
acidity, and peptic activity, a greater tendeney toward ulcer formation would 
be expected. This correlates with recent reports of peptic uleer causation 
and exacerbation following sympathectomy in man for the relief of hyper- 
tension.®*** The results of European surgeons,°°°®? who have performed 
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Fig. 2.—Graph illustrating the variation in peptic activity of a constant quantity of pepsin 


at varying pH’s. A pH of 1.75 represents 100 per cent. (From LeVeen.**) 


splanchnicectomy for the treatment of peptic ulcer, have been shown to be 
due to the relief of pain by this procedure. That pain from a duodenal ulcer 
is relieved by splanchnicectomy and not by vagotomy has been demonstrated 
by many investigators.*°-? 
CONCLUSIONS 

1. Interruption of the parasympathetic innervation of the stomach 
(vagotomy) causes a marked decrease in the normal volume, acidity, and 
peptic activity of gastric juice. 
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2. Interruption of the sympathetic supply to the stomach (sympathee- 
tomy) results in an increased volume of gastric juice and consequently a 
greater total acidity and peptic activity. This suggests that the sympathetic 
nerves normally inhibit gastric secretion. 


3. Hyperactivity of the sympathetic nervous system as established by de- 
pressor neurectomy causes changes similar to vagotomy although not as 
marked in degree. This substantiates the opinion that the sympathetic nerves 
exert an inhibitory influence on gastric secretion. 
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LATE RESULTS OF VAGOTOMY IN THE TREATMENT OF 
IDIOPATHIC ULCERATIVE COLITIS AND 
REGIONAL ENTERITIS 


FRANK D. Eppy, M.D.,* MANcHEsTER, N. H. 


(From the Department of Surgery, University of Minnesota) 
INTRODUCTION 


S HAS been previously reported,’ the first of a series of patients with 
idiopathic ulcerative colitis was subjected to vagotomy at the University 
of Minnesota Hospitals in October, 1946. This group was expanded during the 
subsequent 3 years to a total of 42. In two further reports made during the 
interim period the details of the study were set forth.** The information 
presented here results from a re-evaluation study performed 3 years after the 
initial case was studied, and consists of information regarding the clinical 
results of vagotomy as well as data to aid in the selection of cases in which 
improvement may be expected. 


PLAN OF STUDY AND ANALYSIS OF MATERIAL 


In idiopathic colitis patients whose disease process has existed 5 years or 
longer, an incidence of 15 per cent of cancer of the colon* and a like incidence 
of cirrhosis of the liver as noted by Hoffbauer® have made us wary in the 
handling of these patients and have emphasized the need for extremely close 
follow-up. The most indispensable examinations in evaluating these patients are 
the proctoscopie and roentgen barium enema studies. The patients have con- 
tinued under observation following vagotomy, and the same examinations per- 
formed prior to the operation have been repeated during the postoperative 
period and at 4 to 6 month intervals thereafter. Other procedures include a 
period of observation as to stool size, consistency, frequency, and gross content 
of blood, pus, and mucus, together with complete laboratory examination of the 
stools. Transit time of material through the alimentary tract has been studied 
both by chareoal ingestion and by careful barium stasis studies with fluoroscopic 
follow-up. The latter also enable observations on gastric motility and the econdi- 
tion of the small intestine. The 12 hour (overnight) gastric secretion has been 
studied,® and the Hollander insulin gastric analysis’ for testing residual vagal 
function has been performed in as many instances as possible prior to vagotomy, 
and in all eases during the postoperative period. Lannin gastric analysis, 
employing triple histamine stimulation,’ and electrocardiography were both 
omitted from the study of all the more recent cases and from the present 
re-evaluation, since the results were neither predictable nor conclusive. 


Abridgement of a thesis submitted to the Graduate School of the University of Minnesota 
in partial fulfillment of the requirements for the degree of Master of Science in Surgery. 

Supported by funds from the Graduate School of the University of Minnesota, the 
Clarence Dennis Fund for Surgical Research, and gifts from Clarence W. Mattson and Max 
Byer. 

Received for publication, April 14, 1950. 

*Now Assistant Chief of Surgery, Veterans Administration Hospital, Manchester, N. H. 
(None of the material included in the cases is from the Veterans Administration. ) 


11 








12 EDDY . Surgery 
January, 1951 

Simultaneously with the prosecution of this clinical series, experimental 
animal work was performed by Lillihei, Dixon, Friesen, and Wangensteen’; it 
furnishes some theoretical ground for employing vagotomy in idiopathic colitis 
patients. 

Vagotomy was extended to 18 patients having involvement of the colon 
only, to 18 who displayed extension of the process to involve both the small 
intestine and colon, and to 4 patients whose disease was limited to the small 
intestine. Two other patients suffered only persistent diarrhea without demon- 
strable disease, 1 of these having previously undergone total colectomy with ileo- 
anal pull-through (Table T). 


TABLE I 




















CASES 
Vagotomy Without Previous Surgery 
Colitis only 7 
Colitis and ileitis 13 
lleitis only 0 
Functional diarrhea 1 
Total 31 
_ Vagotomy After Other Surgery 
Colitis (ileostomy* ) ] 
Colitis and ileitis (ileostomy) ] 
Colitis and ileitis (colectomy and ileostomy) 2 
Colitis and ileitis (colectomy and ileoproctostomy ) 2 
Tleitis (colectomy and ileostomy ) 2 
Ileitis (colectomy and ileosigmoidostomy ; 1 
subsequent ileostomy ) 
Ileitis (colectomy and ileoproctostomy ) 
Functional diarrhea (colectomy and ileo-anal l 
pull-through ) 
Total 1] 





*Type of previous surgery is indicated in parentheses. 


The extremes of disease duration ranged from 5 weeks to 15 years at the 
time vagotomy was performed. The average time of disease existence in the 
group was 58 months, excluding the ease of functional diarrhea with no previ- 
ously diagnosed disease process. The youngest subject was 6 years of age at 
operation and the oldest was 71. The average time interval between vagotomy 
and the study upon which this report is based was 18.9 months. 

The eases have been classified into 3 groups as regards severity of the 
disease: (1) acute fulminating, that is, a rapid course of progressive deteriora- 
tion with fever (9 eases); (2) acute, progressive, nonfulminating, a somewhat 
less severe process (11 cases); and (3) chronie progressive or recurrent (20 


eases). Two patients have been previously noted as having no manifest disease. 


GENERAL MANAGEMENT OF PATIENTS 


Typically, those patients with idiopathic ulcerative colitis arriving at 
University of Minnesota Hospitals are acutely ill and often in deteriorated 
condition. A regimen of parenteral feeding was used employing 10 per cent 
or 20 per cent dextrose solution covered with regular insulin in the ratio of 1 
unit to 4 Gm. This was usually delivered by way of a polyethylene tube inlying 
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in an antecubital vein after the manner of Guenther and associates.?° Copious 
amounts of whole blood and plasma were employed, since protein stores are 
depleted almost without exception in these patients. Heparin was usually added 
to the infusion in 30 to 40 mg. amounts every 4 hours. Specific antiamebie 
therapy was given to several patients on an empiric basis prior to surgery with- 
out notable improvement. 

Forty patients were vagotomized by the transthoracic route and 2 by sub- 
diaphragmatic approach. The anesthesia was a mixture of Pentothal Sodium 
and curare delivered intravenously,"! together with oxygen and nitrous oxide 
in equal parts administered via endotracheal tube. 

It deserves emphasis that patients with idiopathic ulcerative colitis whose 
colons are left in place after vagotomy require extremely close observation to 
forestall the possibility of a cancer gaining a foothold prior to discovery. Malig- 
nancy of the colon in these patients with disease of long duration is of high 
grade, occurs in young people, and tends to metastasize early. A serious attempt 
has therefore been made to do proctoseopie and roentgen barium enema exami- 
nations as often as every 4 months. 


CASE ABSTRACTS 


CAsE 1 (U. H. 726638).—This white woman, now 21 years of age, had had onset of 
her colitis in 1938 and its unrelenting course brought her to the first of some 30 surgical 
procedures in 1941. At the time it was decided to try vagotomy she had previously under- 
gone staged removal of the rectum, all the colon, and five-sixths of the small bowel, leaving 
only the proximal few feet of jejunum ending in an abdominal stoma. This patient was 
the first of the case series and the choice of vagotomy was made in an attempt to stop the 
ascending ileitis which was recurrently active. 

Although, following the operation in October, 1946, the patient passed the first formed 
stools noted in more than 4 years, the improvement was short-lived, and evidence of per- 
sistent vagal function was found. It is debatable whether very much benefit was derived 
from the second attempt to interrupt the vagi in August, 1947. She has required revision 
of the ileostomy and has undergone abdominal exploration for relief of small bowel obstruc- 
tion due to torsion or adhesions. Electrolyte balance has been a great problem and _ the 
patient returns to the hospital at intervals for infusion of Ringer’s solution. There has 
been no further evidence of ileitis, and it would appear that this patient is alive today only 


because the vagotomy was performed. 


Case 2 (U. H. 777589).—This 23-year-old university student was first admitted to 
University Hospitals on May 1, 1947, soon after onset of acute abdominal pain. His colitis 
had begun in 1940 with progression thereafter, treated elsewhere in 1944 by staged resection 
of the terminal ileum and the colon to mid-sigmoid, with an ileosigmoidostomy. He had had 
2 to 3 stools daily during the interim well period. 

Signs of a tender spastic abdomen, fever to 104° F., and active proctitis and colitis sug- 
gested perforation of the remaining sigmoid colon. A conservative regimen of long Wild 
tube intestinal suction, transfusions, parenteral fluids, and antibiotics resulted in apparent 
sealing of the perforation. Exploratory laparotomy 3 days after admission disclosed marked 
peritoneal reaction with matted adhesions, and severe regional enteritis. A double-barreled 
ileostomy was constructed at this time. 

A period of fair health followed until June 10, 1947, when he was readmitted with 
complaints of abdominal cramps and dysfunction of the ileostomy. Proctoscopy disclosed 
almost complete healing of the rectum and lower sigmoid, but the patient apparently had 
a severe enteritis above the ileostomy. After preparation by oral starvation and feeding 
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into the distal ileostomy loop, transthoracic vagotomy was accomplished on June 26, and at 
the same sitting the ileostomy was resected. An end-to-end anastomosis was performed 
through severely inflamed and thickened ileum. 

Progressive return to normal health ensued and the patient entered upon a long period 
of 1 or 2 formed stools per day without blood, pus, or mucus. He married, and returned to 
his work as production manager in a manufacturing plant. Study during the well period 
demonstrated evidence of persisting vagal function, but no attempt was made at further 
section of the vagi because of the patient’s apparent good health. 

No explanation is yet forthcoming as to the cause of the acute flare-up which occurred 
in January, 1950, during which he was again admitted to University Hospitals. The cause 
may lie with the persistent vagal function noted previously, but this is not the entire answer 
in view of the long period of disease inactivity. 

Case 3 (U. H. 725713).—This 18-year-old girl had onset of bloody mucoid diarrhea 
in 1941, and because her parents refused the recommended surgical intervention she was 
Proctoscopy in August, 1947, 


treated on a conservative regimen with some improvement. 
The stools continued 


disclosed narrowing of the rectosigmoid and a granular rectal mucosa. 
to contain blood, pus, and mucus at this time. 

Transthoracic vagotomy was accomplished Aug. 19, 1947, with uneventful recovery. 
Since the roentgen barium enema prior to vagotomy had displayed characteristic inflammatory 
changes throughout the colon the patient was followed as closely during the next 2 years as 
her cooperation would allow. Because her stools had become grossly free of blood, pus, and 
mucus, and since she felt well enough to go to school, the frequent examinations seemed to 
her unnecessary. 

Periodic proctoscopy during the interim 2 years showed continued granularity of the 
rectal mucosa with narrowing of the lumen, but the appearance was that of slow healing. 
In July, 1949, when re-examined during this study, the mucosa above 10 em. and up to 25 em. 
appeared ulcerated. There was purulent exudate and some bleeding was seen. Most alarming, 
the barium enema disclosed a filling defect in the cecum which the radiologist believed was a 
carcinoma, The patient at this time still felt well and had no diarrhea. 

Total colectomy was performed on Aug. 12, 1949, and ileoproctostomy was done at a 
level 8 cm. above the pectinate line. The expected carcinoma was not found, but the entire 
colon was badly diseased with extensive ulceration and pseudopolyp formation. 

This patient now passes 3 to 5 mushy stools daily, is apparently well, and has re- 
turned to school. The case typically illustrates the persistence of an inflammatory process 
in a long-diseased colon, in spite of subjective and objective improvement following vagotomy. 


Case 4 (U. H. 763487).—This white boy, now 8 years of age, was initially admitted on 
Feb. 26, 1946, with a history of bloody diarrhea for 2 months. A single-barreled ileostomy 
was constructed on March 7, 1946, but the bloody purulent rectal discharge reappeared, to- 
gether with dysfunction of the ileostomy. Subsequently, an exploratory laparotomy for lysis 
of adhesions was performed, and later 33 em. of diseased ileum were resected. This specimen 
showed ulcerative ileitis on pathologic examination. 

Although improved for a time, he was readmitted in August, 1947, with still active 
proctitis. The ileostomy was at this time functioning in fairly satisfactory fashion and no 
evidence was found that ileitis coexisted with the apparent proctitis and colitis. 

Transthoracic vagotomy was performed on Aug. 21, 1947, with surprising results. 
Examination by the attending proctologist 3 weeks later disclosed the previously granular 
and bleeding rectum to be completely healed. This was the first opportunity to test the 
effect of vagotomy in a patient with an ileostomy and an intact though diseased colon. Ac- 
cordingly, the ileostomy was closed, and recovery was uneventful. 

Appearance on proctoscopy has remained normal, and during the subsequent 2 year 
observation period there has been marked improvement in the colon as shown by barium 
enema. The patient is a very active boy and attends school regularly. The stools contain 
no pus or mucus and the guaiac reaction for occult blood is negative. There has been ample 
vindication of this attempt to salvage the patient’s colon. 
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The next case demonstrates the very dramatic response which may follow 
vagotomy in acute fulminating cases of short duration. 


Case 5 (U. H. 781510).—This 21-year-old university student was transferred from an- 
other hospital on Sept. 2, 1947, in critical condition after 5 weeks of diarrhea progressing 
rapidly to 12 stools daily. There were accompanying cramps and high fever. He had lost 
15 pounds in the previous 2 months and 40 pounds during the previous year. He was 
emaciated but had been freely transfused. 

The stools contained mucus but no pus, and, though not gross in amount, blood was 
found on laboratory examination of the stools. Proctoscopy elsewhere in capable hands had 
been negative, but excellent roentgen films from the other hospital demonstrated findings of 
diffuse enterocolitis involving all bowel from upper jejunum to sigmoid, with the classical 
‘‘string sign’’ in several areas of the small intestine. 

Further conservative management seemed out of the question and it was believed that 
ileostomy at any level might result fatally. After 48 hours of intensive intravenous feeding 
and intramuscular penicillin and streptomycin, transthoracic vagotomy was performed on 
Sept. 4, 1947, followed by a smooth convalescence. Mineral oil was given orally when no stool 
appeared during the first 4 days after surgery, and infrequent liquid stools thereafter changed 
to formed stools by the tenth postoperative day. 

Save for 3 one-day instances of diarrhea during the first 12 months, occasioned each 
time by food indiscretions, 1 or 2 formed stools daily have been the rule since the operation. 
The patient regained 35 pounds during the first 3 months and more thereafter, all of which 
has been maintained. He is now in his last year of a pre-medicine curriculum and works part 
time on a current project in the experimental surgery laboratory. 


The case following demonstrates the slowness of improvement seen in many 
of the patients in the series, although the response appears to have been favorable. 


Case 6 (U. H. 784756).—This 18-year-old schoolgirl was first admitted to University 
Hospitals on Dee. 14, 1947, with complaints of loose bloody stools numbering 5 to 9 daily, 
accompanied by abdominal cramps. This episode had begun in the early fall of 1947 when 
the patient left home to attend school. 

The initial occurrence of bloody stools was in February, 1946, and although there were 
periods of no diarrhea, an exacerbation always accompanied menstrual flow. She was admitted 
to another hospital for medical care on 5 occasions during the 20 months after disease onset. 

At the time of this patient’s first admission to University Hospitals the colon displayed 
generalized involvement on roentgen barium enema, and the rectal mucous membrane appeared 
to be involved in a typical moderately active process. 

Vagotomy was performed Jan. 20, 1948, and convalescence was uneventful. By late 
April the rectum began to display signs of healing. During the following 18 months 1 short 
flare-up occurred at the time of a menstrual period, and blood was again noted in the stools. 

In late August, 1949, repeated barium studies showed marked improvement in the 
status of the colon compared with the appearance prior to vagotomy. The patient attended 
business school during the summer of 1949, and although she still has considerable menstrual 
distress the stools have remained free from blood, pus, and mucus. 


CLINICAL RESULTS OF VAGOTOMY 


Few of the patients in this series have shown a dramatic return to normaley, 
and many have had little immediate benefit. The usual course is a progressive 
lapse into a quiescent state with healing of the previously involved bowel. Such 
improvement may follow any regimen of treatment, whether surgical or non- 
surgical, but it must not be assumed that the improvement noted after vagotomy 
is due solely to a coincident remission. In most instances the operation has 
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broken a previous cycle of remission and exacerbation or has ended a continu- 
ously chronic process, and the patient has usually been restored to his previous 
health status and means of livelihood. 

A summary of the elincial results is shown in Table II, with notations as 
to the extent of bowel involvement and the degree of disease activity. The 
conditions of 3 patients, in whom stenosis of the colon could not be ruled out as 
a possible carcinoma site, were improved by vagotomy. One case in the ‘‘Un- 
changed’’ group was beyond doubt originally an example of amebie dysentery 
in “burned-out” form, and benefit could not be expected on retrospection. The 
patient with functional diarrhea was reported previously as improved,* but has 
since returned to her former status of 3 to 20 liquid stools daily, still with no 
diagnosed disease. The other 2 ‘‘Unchanged’’ cases had marked scarring and 
fibrosis of the colon and the disease process has continued much as before. 


TABLE II. STATUS oF PATIENTS WHEN RESTUDIED ACCORDING TO EXTENT OF 
INVOLVEMENT AND DISEASE SEVERITY 











| SYMPTOM-FREE | IMPROVED | (IMPROVED)* | UNCHANGED | WORSE | DEAD 

















Colitis 
Fulminating 1 2 
Acute progressive 3 4 
Chronic 3 3 1 ] 
Colitis and Ileitis 
Fulminating 1 2 1 
Acute progressive 2 1 I 
Chronie 2 2 2 2 2 
Lleitis 
Fulminating 2 
Acute progressive 
Chronic 2 
Functional Diarrhea 1 l 
Totals 12 18 3 4 2 3 





*Cases shown as (Improved) required colectomy. There was roentgen evidence of disease 
progression in spite of clinical improvement. 

Two patients are classified as ‘‘Worse.’’ One improved slightly after 
vagotomy, then became progressively worse but refused to return for further 
treatment until foreed by the severity of her symptoms. She has since improved 
after colectomy and proctectomy. The other patient was a 16-year-old girl who 
developed gastric retention, treated initially by Ramstedt pyloroplasty and later 
by gastrojejunostomy. This patient thereafter developed a marginal ulcer at 
the gastrojejunal stoma, and the colitis remained sufficiently active to necessitate 
construction of an ileostomy. 

Several of the patients have required other surgical procedures following 
vagotomy, but not all of the cases have been associated with continued colitis 
(Table III). The low ineidence of patients with symptomatic gastrie retention 
requiring surgical relief (2 cases), as compared with other patients vagotomized 
for peptie ulcer,!® 1* 14 is probably concerned with the lack of an ulcer process 
in the colitis eases. Only 1 of this series had previous peptic uleer symptoms, and 
she is now symptom-free both as regards the ulcer and the colitis. 

There have been no deaths in the series since those previously reported.* 
One of these was a surgical mortality from complications 7 days after cardiac 
arrest during the mediastinal exploration. Vagotomy was never done in this 
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TABLE III. Surcery AFTER VAGOTOMY 








With Vagotomy as the Prvmary Surgical Treatment 





Patients 

Ileostomy and second vagotomy 1 
Colectomy (including rectum) and ileostomy 2 
Colectomy and ileoproctostomy 2 
Ramstedt pyloroplasty, gastrojejunostomy, and ileostomy 1 
Splenectomy 1 
Appendectomy (done elsewhere) and second vagotomy 1 
Appendectomy (done elsewhere) 1 

9 


Total requiring further surgery 
Total procedures 13 
With Vagotomy Performed Subsequent to Other Surgery 














Patients 
Exploratory laparotomy for obstruction (twice, elsewhere) 1 
Exploratory laparotomy for obstruction (2), revision of ileostomy, 1 
and second vagotomy 
Tleostomy 1 
Gastrojejunostomy 1 
Closure of ileostomy 1 
Total requiring further surgery 5 
Total procedures 9 





ease. Two other patients succumbed 3 and 8 months, respectively, after opera- 
tion, the latter dying elsewhere from difficulties other than continued activity 
of colitis. 
SPECIAL STUDIES 

Stools—All the patients had had liquid stools prior to vagotomy, the 
frequeney varying from an average minimum of 5.5 to an average maximum of 
14.3 per 24 hours. Thirty-two patients had noted gross blood in the stools. In 
11 cases the bleeding was massive and 2 of these were admitted in shock. Most 
of the stools before operation also contained grossly detectable pus and mueus. 

The majority of the patients now have 1 or 2 formed stools daily and most 
of these contain blood, pus, and mucus in amounts detectable only in the labora- 
tory. Not excepting the patient with functional diarrhea, the present average 
minimum stool frequency is 2.2, and the average maximum is 4.3 per 24 hours. 

Charcoal Transit Time.——The average elapsed time from ingestion of the 
chareoal until its appearance in the stool was 1484 hours prior to vagotomy, and 
1814 hours at the time of this study. The latter figure includes some patients 
vagotomized but a short time before the re-evaluation was done. 

Proctoscopic and Roentgen Barium Enema Findings.—These are sum- 
marized in Tables IV and V. 


TABLE IV. Procroscopy FINDINGS, OCTOBER, 1949 

















FINDINGS | PATIENTS 
Normal rectum and sigmoid 9 
Improvement with healing 11 
Persistent active disease 6 
Negative prior to vagotomy but with previous diagnostic findings 1 
No disease evidence pre- or postvagotomy (Case 5) 1 
Functional diarrhea, no findings 1 
Total 29 
Unable to return for examination 6 
Patients with previous or interim proctectomy 4 





Total living patients 39 
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TABLE V. ROENTGEN BARIUM ENEMA FINDINGS, OCTOBER, 1949 











FINDINGS | PATIENTS 

Improved status 8 
Essentially no change 7 
Some progression, such as scarring or persistent activity of disease 6 
Functional diarrhea, no disease 

Patient not examined (recent vagotomy) ; flare-up from barium 5 

irritation feared 

Not examined before vagotomy; minimal present evidence of disease l 
Not examined; patient with ileoproctostomy or blind rectal stump 2 
Not examined; previous proctectomy 4 


Unable to return for examination 
Total living patients 


—| Oo 








Roentgen Stasis Studies* —Careful observations were made by the radiology 
staff to determine transit time of the barium through the various portions of 
the gastrointestinal tract (Table VI), to study gastrie motility and emptying, 
and to note changes in small bowel and colon function. 

Moore and associates’? and Stein and Meyer’ reported that in vagotomized 
peptic ulcer subjects there is recovery of nearly normal gastric motility within 
one year after operation. This observation is supported by Vanzant'® in her 
experimental work on dogs. The patients in the present study have not re- 
covered gastric function to such a degree. The great majority displayed some 
hesitation before gastric emptying began and the stomach contraction waves 
were less forceful. Six patients, in whom the elapsed time since vagotomy varied 
from 13 to 26 months, were noted to have emptying times ranging from 9 to 30 
hours. Five of these 6 patients are now symptom-free and the gastric retention 
causes no distress. 


TABLE VI. 








> rar nm 1% 
BARIUM THROUGH PORTIONS OF TRANSIT TIME 


GASTROINTESTINAL TRACT HOURS | MINUTES 
Prevagotomy 








i) 


45 


~ 


Pylorus to cecum 


Pylorus to anus 8 15 
Cecum to anus 4 30 
Present Study 
Pylorus to cecum 6 
Pylorus to anus 12 20 
= 40 


Ceecum to anus 
*The indicated time values are averages for all cases studied. 





Twelve Hour Gastric Specimens.—This test was performed as by Dragstedt.° 
The lower overnight volume levels obtained as compared with those of Dragstedt 
are probably due to the lack of a peptie ulcer process in the colitis patients. 
The volumes were not excessive even before vagotomy, and when restudied they 
had in 13 eases decreased from the preoperative levels. The free hydrochlorie 
acid was generally low in amount. No correlation was noted between the 
volume of the postvagotomy 12 hour specimen and the slowed gastric emptying 
in the barium stasis studies. 

*The efforts and cooperation of Dr. Leo Rigler and his staff of the Department of Radiolo- 


gy, University of Minnesota Hospitals, have been greatly appreciated. Stasis studies, especially 
in the postvagotomy patient, are tedious and time-consuming. 
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Insulin Gastric Analyses (Hollander Test).—As done in this study, the 
insulin gastrie analyses have been modified from the method outlined by Hol- 
lander,’ in that the insulin is given subcutaneously in a ealeulated dose of 0.5 
unit of erystalline insulin per kilogram of body weight. This has usually pro- 
duced a satisfactory hypoglycemic level of 45 mg. per cent or less within 2 hours. 

Necheles'® has stipulated that too low a degree of hypoglycemia may give 
rise to inhibiting factors resulting in no acid production. This effect has not 
been observed in this study, and hypoglycemia as low as 23 to 30 mg. per cent has 
in several instances produced a marked response of free hydrochlorie acid in 
prevagotomy tests. 

All 3 patients submitted to a second attempt at vagal section have had the 
positive Hollander test respunse abolished by the second procedure. In each 
instance small vagal fibers were found and sectioned. 

In caring for patients showing persistent or returned response on Hollander 
test it has been the policy to make no further attempts at severing the nerves so 
long as the clinical course has remained encouragingly benign (Table VII). 


TABLE VII. HOLLANDER INSULIN GASTRIC ANALYSES 











RESPONSES* TO HOLLANDER TEST | PATIENTS 
Patients Tested Both Before and After Vagotomy 29 
Negative response prior to operation 2 


Persistent negative response after operation (1 patient) 
Positive response 3rd postoperative test (1 patient) 
(This patient revagotomized ) 
Positive response prior to operation 
Positive response abolished in early tests (26 patientst ) 
Persistent positive response, all postoperative tests 
(1 patient) 


Patients Not Initially Tested Until After Vagotomy 10 
Persistent negative response 
Persistent positive response 3 
1 patient revagotomized; negative response thereafter 


Total living patients 


*Negative response, no rise in level of free HC1 acid. Positive response, 
level of free HC1 acid. 

+Four of these patients showed returned positive response in this study. 
has been revagotomized. 
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CRITERIA FOR CASE SELECTION 


In order that others may be better enabled to select subjects for vagotomy, 
an attempt has been made to evaluate certain factors which have been observed 
to affect prognosis adversely. Four factors appear to be important, these being 
(1) gross bleeding to a marked degree, (2) fibrosis and scarring of the colon, 
(3) extensive ulceration as evidenced on proetoscopy or roentgen barium enema, 
and (4) a disease duration of 5 years or more. The incidence of these factors 
is displayed in Table VIII and their importance is emphasized by the fact that 
2 or more were noted without exception in cases reported as ‘‘Unchanged’’ or 
‘‘Worse.’’ No patient now ‘‘Symptom-free’’ or ‘‘Improved’’ presented more 
than 2 of these critical factors. 

When the colon of a patient with idiopathic ulcerative colitis displays 
evidence of scarring and fibrosis which constitute irreversible anatomic change, 
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TABLE VIII. INCIDENCE OF CRITICAL FACTORS 






































CASE NO., CASE NO., MARKED FIBROSIS DISEASE 
THIS TOTAL GROSS OF EXTENSIVE DURATION OF PRESENT 
REPORT SERIES BLEEDING COLON* ULCERATION FIVE YEARS | STATUSt 
] 1 0 0- 0 Yes Imp. 
2 0 0 1+ Yes S. F. 
3 0 0 0 Yes Imp. 
4 0 0 0 Yes ae 
5 0 0 0 Yes D2. 
2 6 0 Q- 0 Yes S. F. 
7 0 2+ 2+ 0 Unch. 
8 0 0- 1+ Yes ms ©. 
9 0 0 0 0 S. F. 
10 0 0- 1+ Yes Dead 
) 11 0 2+ 2+ Yes (Imp. ) 
+ 12 0 1+ 0 0 S. F. 
13 0 0 0 Yes Imp. 
5) 14 0 0 fe 0 i ee 
15 0 0 1+ Yes Imp. 
16 0 0- 0 Yes Imp. 
17 0 0 0 Yes Unch.} 
18 0 4+ 0 Yes Uneh. 
19 0 2+. 0 0 Dead 
20 4+ 4+ 44 Yes (Imp.) 
21 4+ 0- 0 0 gS. FF. 
22 0 0- 1+ Yes Dead 
23 44 2+ 0 0 Imp. 
24 0 0 0 0 Imp. 
6 25 0 0 1+ 0 Imp. 
26 2+ 0 2+ 0 Ss. F. 
27 2+ 0 0 0 Imp. 
28 0 3+ 1+ Yes (Imp. ) 
29 0 44 1+ Yes Unch. 
30 0 0 1+ 0 Imp. 
31 0 0- 0 Yes Imp. 
32 3+ 0 ey 0 a. ate 
33 3+ 0 1+ 0 Imp. 
34 0 0 1+ 0 B. ¥. 
35 3+ 2+ 1+ 0 Worse 
36 2+ 0 O+ 0 Worse 
37 0 0 2+ 0 Imp. 
38 0 44+ 0 0 Imp. 
39 0 0 0 Yes Imp. 
40 2+ 3+ 0 0 Imp. 
41 2+ 4+ 0 0 Imp. 
42 0 0 2+ 0 Imp. 
Total 1] 3 21 20 
*Cases marked with a dash have had all or part of the colon removed. 
+S. F., symptom free; Imp., improved; Unch., unchanged. The three patients shown as 
(Improved) are those requiring colectomy. 
tFunctional diarrhea only. 
neither vagotomy nor any other therapy will eradicate this condition and return 
the colon to a normal appearance. When 1 or more of the other factors previ- 
ously noted is also present the prognosis becomes more guarded. It appears that 
the acute fulminating form of the disease may be the most amenable to section 
of the vagus nerves, as in Case 5 (see ‘‘Case Abstracts’’). 
DISCUSSION 
As reported by Dennis’? for the 10 year period ending Jan. 1, 1944, past 
experience at the University of Minnesota Hospitals demonstrated that elective 
ileostomy at a favorable time in patients with idiopathic colitis and enteritis 
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could be accomplished with a mortality of 8 per cent, while conservative (non- 
surgical) management resulted in a mortality of 28 per cent during that hospital 
admission. More than one-half the survivors of conservative management were 
dead by 1946. Most of the surviving ileostomy patients went on to removal of 
the diseased colon, though a majority were restored to a semblance of health. 

The effects of vagotomy have continued to be investigated in the hope of 
finding some procedure which would not be as disfiguring as ileostomy and 
colectomy, although as yet there is no complete explanation as to the mechanism 
of the benefits derived. In an anatomie study of vagus nerve distribution, 
Schmidt'* demonstrated fibers extending only so far as the distal transverse 
colon. Contrary to expectations based upon vagal anatomy alone, section of 
the vagus nerves has resulted in altered function of the colon as well as the 
small intestine in many patients with idiopathic ulcerative colitis. A disease 
process confined to the left colon and rectum may heal without residuals after 
vagotomy. This operation almost without exception abolishes spasm in the colon, 
and barium studies have demonstrated prolongation of the colon transit time. 

Very indicative findings were previously reported® in which vagotomy 
abolished a hyperemic, hypersecretory response of the rectosigmoid mucosa in 
observations patterned after those of Almy and Tulin,’® but employing conver- 
sational topics known to be disturbing to the patient as the traumatic agent. 
Jayle and Cabanac,”’ in 1932, deseribed vagal fibers extending to the distal 
(left) colon, and although this is not an aecepted anatomic fact, in these colitis 
patients section of the nerves produces an effect as if the vagal distribution 
extended to the left colon and rectum. 

Lium and Porter’ and Lium”? have advanced the hypothesis that at least 
in its early stages idiopathic ulcerative colitis is a disease of smooth muscle spasm 
and hypermotility. The benefits derived from vagotomy may be thus explained 
in part, although the mechanism does not involve solely the slowing of small 
intestinal content extruded into the colon, since healing of diseased colons after 
vagotomy has been observed in patients with diverting ileostomies. The entity, 
reported by Lium in 1941, of rapidly fatal ulcerative gastroenteritis with foul 
bloody diarrhea after prevertebral ganglionectomy in dogs was reproduced by 
Lillehei, Dixon, Friesen, and Wangensteen,® and these investigators prevented 
the occurrence of the syndrome by simultaneous vagotomy. 

Anatomie studies by Lannon and Weller** and Denny-Brown and Robert- 
son?> appeared to indicate definite innervation of the rectum and left colon 
from the sacral division of the parasympathetic system. Section of these nerves 
may prove beneficial in patients who present persistent residual disease in the 
rectosigmoid segments, but who have evidenced healing in more proximal por- 
tions following vagotomy. 

Moore and associates!” and Grimson and co-workers”® have been sufficiently 
puzzled by the great variability in patient response to the Hollander insulin 
test to cast doubts upon its reliability. This was to them especially notable in 
their series of vagotomized peptic ulcer patients in correlating patient symptoms 
with findings of returned normal or near normal gastrie secretion, acidity, and 
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motility. The colitis patients of the present study have displayed a greater 
delay in the return of gastric motility than the peptie ulcer cases noted previ- 
ously. The paradox of symptomatic impaired gastric motility in the face of 
free hydrochloric acid response in late postvagotomy Hollander tests has been 
reported by Walters and associates,’* but has not been observed in these colitis 
patients. 
CONCLUSIONS 


1. Within a maximum 3 year follow-up period, idiopathic ulcerative colitis 
and regional enteritis respond favorably in a majority of cases to division of 
the vagus nerves. 

2. No patient should be submitted to vagotomy without critical evaluation 
of 4 factors which may be present; namely, massive hemorrhage, fibrosis and 
loss of colon distensibility, extensive ulceration, and long duration of the disease 
process. 

3. Patients with disease existent for 5 years or more display a less favorable 
response to vagotomy than those cases with commensurately severe disease of 
lesser duration. Subjective and objective improvement may occur, and yet 
there continues in the colon an inflammatory reaction indistinguishable from 
carcinoma except by pathologic examination. Such patients require colectomy. 

4. The vagotomized colitis subject in whom no previous gastroduodenal 
disease existed displays decreased gastric motility for a longer period, and 
shows a more consistent result with the Hollander insulin test than does the 
peptic uleer patient treated by vagal section. 

5. Vagotomy appears to benefit by decreasing intestinal motility and spasm. 
It also seems to interrupt a cycle of nervous and emotional imbalance which is 
affecting the colon, and acts as if the distribution of the vagus nerves extended 
to the distal colon and rectum. 

6. If extended to an indiscriminate and unselected case series this treatment 
will in some instances provide disappointing results. In the face of a high 
cancer ineidence in colitis patients, election of a treatment method aimed at 
salvage of the colon requires critical evaluation. For these reasons the procedure 
of vagotomy must still be considered in the investigative stage. 
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VENOUS THROMBOSIS 
ANALYSIS OF 580 CASES 
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INTRODUCTION 


T'HE introduction of antisepsis by Lister and the development of anesthetiza- 
tion made major surgical procedures possible and with improvement in tech- 
niques operative procedures of great magnitude have been performed. However, 
there have remained 3 potential dangers following a surgical operation, any 1 
of which alone, or in combination, might prove fatal. These are shock, infection, 
and pulmonary embolus. Although the magnitude of operations has increased, 
the danger of shock and infection has been almost completely eliminated, so that 
only massive pulmonary embolism following venous thrombosis has remained 
as the principal cause of postoperative deaths. With a better understanding 
of blood volume deficiencies in patients with chronie illnesses and their correction 
preoperatively by administration of adequate amounts of blood, operations of 
almost any magnitude, even in the sickest patient, can now be performed safely 
without the development of shock. The employment of antibiotics and chemo- 
therapeutic agents has made infections a minor problem. Now that shock and 
infection ean be prevented or controlled, not only have venous thrombosis and 
pulmonary embolism become relatively more important but, as will be demon- 
strated later, their incidences have actually increased in recent years. It must 
be emphasized, however, that although thromboembolism is a serious postopera- 
tive complication and has become more important than previously, it is equally 
as devastating a complication of nonoperative conditions, particularly heart 
disease. 

As previously emphasized by us,*-'° venous thrombosis should be classified 
into 2 types: (1) that associated with, dependent upon, and secondary to an 
inflammatory process of the wall of the vein, that is, thrombophlebitis, and (2) 
that in which a thrombus oceurs without antecedent change within the wall of 
the vein, that is, phlebothrombosis. These 2 lesions differ in etiology, pathology, 
clinical manifestations, prognosis, and therapy. Whereas thrombophlebitis 
causes maximum clinical manifestations and is likely to produce profound 
disability unless adequate therapy is instituted initially, it is seldom fatal ex- 
cept when complicated by suppuration. On the other hand, phlebothrombosis, 
which is likely to be attended with few or no clinical manifestations, is potentially 
a fatal lesion because the clot is not firmly attached as it is in thrombophlebitis 
and there is danger of detachment of the clot, with the production of either non- 
fatal infaretion of the lung or fatal pulmonary occlusion. 
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Our long and continued interest in venous thrombosis has led us to believe 
that in the majority of cases thrombosis can be obviated by preventing the pre- 
cipitating factors. We believe that phlebothrombosis is the result of 2 factors, 
a predisposing one, which consists in increased blood coagulability resulting 
from tissue injury, and a precipitating one, which consists in cireulatory stasis 
in certain veins of the body, particularly those of the lower extremity. Although 
generally little has been done to prevent increased coagulability of the blood, 
considerable attention has been directed toward correction of circulatory stasis. 
In order to accelerate the flow of blood through the veins of the lower extremi- 
ties, compression bandages have been applied from the toes to the groins, and 
patients have been actively mobilized either in or out of bed. Deep breathing 
exercises have been employed to favor the return flow of venous blood. It has 
been our belief that by minimizing circulatory stasis venous thromboses of the 
phlebothrombotie type could be prevented or at least decreased. Although in 
many instances such has been possible, it has been our experience, as well as 
that of others, that in spite of all these precautions taken to preclude the forma- 
tion of a clot and to prevent its detachment once it has occurred, fatal cases of 
pulmonary embolism still oeeur. 


ANALYSIS OF CASES 


In order to evaluate the results of the treatment of venous thrombosis the 
present study was undertaken. It is based upon an analysis of the 580 cases 
of thrombophlebitis and phlebothrombosis diagnosed at the Charity Hospital 
of Louisiana in New Orleans during the 7 year period ending June 30, 1948. 
Of these, 316 were uncomplicated by embolization and 264 were associated with 
pulmonary infarction or embolism. 

It should be pointed out that the New Orleans Charity Hospital provides 
excellent material for the study of various pathologic conditions. It is a large 
general hospital with a rapid turnover of patients, and a considerable portion 
of its population in recent years has consisted of Negroes, an advantage not 
enjoyed to such a degree by any other large general hospital in the United States. 

Incidence.—During the period covered by this study 334,355 patients were 
admitted to Charity Hospital. There were 17,402 deaths, 5,359 necropsies, and 
120,089 operations. There were 203 fatal pulmonary embolisms, of which 150 
were confirmed by necropsy. The expected number ef fatal pulmonary emboli 
ealeulated on the basis of 100 per cent necropsies was 487 (Table I). The ex- 


TABLE I. FATAL PULMONARY EMBOLISM* 




















Admissions 334,355 
Deaths 17,402 
Autopsies 5,359 
POSTOPERATIVE 
FATAL EMBOLISM H FATAL EMBOLISM 
Actual 203 45 
Expected t 487 101 
Confirmed by autopsy 150 31 





*Stillborns excluded throughout. 
+Expected data are calculated on the basis of 100 per cent autopsies, 
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pected number of postoperative emboli calculated on the same basis was 101 and 
the actual number confirmed by necropsy was 31. In all, 45 postoperative deaths 
were recorded from this cause. On the basis of these figures, the expected fre- 
quency of fatal pulmonary emboli for all hospital admissions was 0.146 per cent 
and the expected frequency after operation was 0.084 per cent; the actual fre- 
quencies were 0.061 per cent and 0.037 per cent respectively. The frequency of 
fatal pulmonary embolism in all patients examined at necropsy was 2.8 per cent 
(Table I1). Determination of the frequency of thromboembolism in relation 
to the total number of hospital admissions, operations, deaths, and necropsies 
is desirable, because, aside from any other consideration, it permits proper 
evaluation of prophylaxis. The incidence of this condition, although increasing, 
is low; this indicates, as will be shown later, that the burden of prophylactic 
therapy must not be large because if it is, its application would not be justified. 


TABLE II. FREQUENCY OF FATAL PULMONARY EMBOLISM, 1941-1948* 


IN TOTAL IN POSTOPERATIVE IN AUTOPSIED 

















ADMISSIONS PATIENTS PATIENTS 

(PER CENT) (PER CENT) (PER CENT) 
Actual 0.061 0.037 2.8 
Expected t 0.146 0.084 





*Stillborns excluded throughout. 
+Expected data are calculated on the basis of 100 per cent autopsies. 


Possible Etiologic Factors (Race, Sex, and Age).—Of the 334,355 patients 
admitted to the hospital during this time, slightly more than one-third (37.3 
per cent) were white and almost two-thirds (62.7 per cent) were colored. 
Whereas the total number of cases of thromboembolism was about the same in 
both races (white, 278, and colored, 302), the percentage of the expected inci- 
dence was considerably higher in the white race, 128 per cent as against 83 per 
cent (Fig. 1), beeause of the smaller number of white patients admitted. The 
higher incidence in white patients occurred not only in all cases of thrombo- 
embolism but also in both component groups, those without embolism and those 
with embolism. 

Of the 334,355 patients admitted, 41.5 per cent were males and 58.5 per 
cent were females. The percentages of expected incidence in males and females 
were as follows: all cases of thromboembolism, 89 per cent and 108 per cent, 
respectively, cases of thrombosis uncomplicated by embolism, 66 per cent and 
124 per cent, respectively, and cases complicated by embolism, 117 per cent and 
88 per cent, respectively (Fig. 2). The higher percentage of expected incidence 
of thrombosis uncomplicated by embolism in females is undoubtedly due to the 
higher incidence of thrombophlebitis following delivery in this group. On the 
other hand, phlebothrombosis, in which embolism is always a possibility, is more 
frequent in males than in females, a fact which probably accounts for the higher 
percentage of expected incidence of thrombosis complicated by embolism in men. 

The age incidence of fatal embolism, as might be expected, followed rather 
closely the curve for the age distribution of thrombosis. When compared with 
the curve for the age distribution of all hospital fatalities, there appeared to be a 
tendency for pulmonary embolism to oceur at an earlier age (Fig. 5). This is 
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indeed an unexpected finding, because it has been the general impression that 
pulmonary embolism is more likely to oeeur in older people. From the second 
to the sixth decades, the percentage per year of age of all hospital deaths was 
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lower than that for fatal embolism and thromboembolism. After the sixth 
decade, the percentage per year of age in the cases of thromboembolism was lower 
than the total hospital deaths and those from embolism (Fig. 3). 
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Seasonal Incidence.—The seasonal incidence, contrary to the usual clinical 
impression of increased occurrence during the winter months, indicated, if any- 
thing, an increased frequency during the spring and summer (Fig. 4). It is 
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doubtful whether the seasonal factor plays an important role in the occurrence 
of thrombosis and embolism, particularly in New Orleans, where the climate 
does not vary appreciably throughout the year, but this may be true of other 
localities in which there are pronounced seasonal temperature changes. 

Other Etiologic Factors.—It is generally recognized that thrombosis occurs 
more frequently in certain diseases and after certain operative procedures. 
Analysis of the data from this standpoint in relation to the distribution of all 
hospital admissions showed that with the exceptions of the obstetric and gyneco- 
logie services, the distribution of cases of thromboembolism followed the curve 
of all hospital admissions (Fig. 5). Whereas 20.2 per cent of all admissions dur- 
ing this period were to the obstetric service, only 9.8 per cent of the cases of 
thromboembolism were encountered on that service. On the other hand, whereas 
8.7 per cent of all admissions to the hospital were to the gynecologic service, 18.1 
per cent of cases of thromboembolism were observed on that service. This dif- 
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ference is probably more apparent than real, because a patient suffering from 
suppurative thrombophlebitis of the pelvic veins following a criminal abortion 
or other causes of puerperal infection, when admitted to the hospital, is ad- 
mitted to the gynecologic service. This undoubtedly tends to pad the incidence 
of thromboembolism on the gynecologic service and to decrease the incidence 
on the obstetric service. It should also be noted that the ratio of thromboem- 
bolism in patients with tuberculosis was approximately one-half that of tuber- 
culosis for all hospital admissions. Since the factors commonly believed to pre- 
dispose to the occurrence of thrombosis, such as stasis from prolonged bed rest, 
infection, and tissue destruction, are present in tuberculosis, a relatively higher 
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incidence of thrombosis might be expected in this disease. The lower incidence 
of thromboembolism, however, possibly represents a higher antithrombin level 
in these patients. 

Analysis of all cases of thromboembolism, including fatal pulmonary em- 
bolism, from the standpoint of services on which they occurred, showed that 
whereas approximately one-half of the fatal cases of pulmonary embolism oc- 
eurred on the medical services, only slightly more than one-fourth of all the 
cases of thromboembolism occurred on these services (Fig. 6). With this single 
exception, the relative incidence of thromboembolism was greater than the inci- 
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dence of fatal embolism on every service. The explanation for the higher in- 
cidence of fatal embolism on the medical services seems to be that the majority 
of patients in this category had serious cardiac disorders. It is also of interest 


that although approximately 10 per cent of all cases of thromboembolism 


occurred on the obstetric service, only 2 per cent of these patients had fatal 
pulmonary emboli. This seems to confirm the long-held opinion that postpartal 
thrombophlebitis is only occasionally complicated by fatal embolism. 

In regard to thromboembolism considered from the standpoint of predis- 


posing and precipitating factors, the present study showed that the largest 
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number of cases of thromboembolism in any single group, approximately one- 
fourth, occurred after operation (Fig. 9), The next largest number occurred 
in association with heart disease. In the postoperative group the relative fre- 
queney of pulmonary embolism was approximately that of thrombosis, whereas 
in the cardiac group the frequency of pulmonary embolism was far larger 
(Fig. 7). The increased frequency in the cardiac group ean probably be ex- 
plained by the fact that in this category there is greater likelihood of pulmonary 
infarction as a consequence of myocardial infarction and mural thrombosis. 
The 3 groups in which pulmonary embolism represented a small part of the 
thrombotic problem were the thromboses occurring spontaneously, after par- 
turition, and in assoc’ ‘ion with varicose veins. Again, this is probably due 
to the fact that in most, if not all, of these the lesion was primarily thrombo- 
phlebitic, and this type is less likely to be complicated by detachment of the clot 
and development of pulmonary embolism than is phlebothrombosis. It is of 
interest that approximately 8 per cent of all cases of thromboembolism occurred 
spontaneously in individuals who were presumably well and were going about 
their daily activities in a normal fashion when the deep thrombosis developed 
in the veins of the lower extremity. It is possible that a relatively large pro- 
portion of these was associated with arterial disease ; in fact, it is our belief that 
spontaneously occurring thrombophlebitis necessitates careful examination of 
the arterial system in order to determine the presence or absence of primary ar- 
terial disease. 

The left side was more frequently the site of thrombosis than the right 
(Fig. 8). In 10.8 per cent of the cases the involvement was bilateral. 

Mortality —Comparison of the distribution of deaths on all hospital services 
with that from pulmonary embolism showed that with certain exceptions the 
distribution of deaths from embolism followed the distribution of all deaths in 
the hospital. The principal exceptions were the gynecologic, obstetric, and 
tuberculosis services. In the gynecologic category, the proportion of deaths 
from pulmonary embolism was significantly greater in relation to all cases of 
embolism than in the proportion of gynecologic deaths in relation to all hos- 
pital deaths (13.8 per cent and 1.9 per cent, respectively) (Fig. 9). The pos- 
sible explanation is that a large number of cases of postabortal sepsis is treated 
on the gynecologic services. In the obstetric group, the number of fatalities was 
low; this is further confirmation of the general impression that in the absence 
of puerperal sepsis, postpartal thrombophlebitis is only occasionally complicated 
by pulmonary embolism. Deaths in tuberculous patients were responsible for 
approximately one-eighth of all the fatalities in the hospital, but accounted for 
only 0.5 per cent of the fatal pulmonary emboli. This further emphasizes the 
observation previously made that thromboembolism is not of great importance 
in this disease. 

In the 580 cases of thromboembolism which occurred over the 7 year period 
studied, there were 203 cases of fatal pulmonary embolism, a case fatality rate 
of 35 per cent for the total series (Fig. 10). The highest case fatality, 63.5 per 
cent, occurred in patients with medical conditions and can be explained, as 











x4 *‘L “Sla 


























JNIWAIdO-NON 3ALLYYIGO-NON ALLVaIdO-NON SNOLLIGNOD 
SNOILLIGNOD> SNOLLIGNOD SNISA SNOJ].LIGNOD TVOIGIW tyLayd 3ISVIASIG JGALLVaASIdO 
S1I901I0aN «=«s“TYDISANS )~=ss«sPWNVALL  ASODIMVA DISOIOOSJNAD SMOGNYLNGGS ASEHLO uSOd Lavan -1SOd 
I Oo 
= LF C2 . 
< « “ <a 
S ev er S's 
“ eZ OZ 
. Te 

Z Ze +s 1 oo 
“ S21 
° 47 at 
_ WS110aWwa AavNOW Ind Hi 
ié2) , 
S WSIIoaWsoaWosn.L WWLOLGY = | oz 
(owt 
& 
Z, 
fa + sz 
z 

SQNOLLIGNOD GALVIDOSSY OL ONIAGAUCODY - 

SISYO JO NOLLNGIAGLSICG 
WSTIOSWIOCSWOAn.L cbe ae 


32 








VENOUS THROMBOSIS 


THROMBOEMBOLISM 


SITE OF PERIPHERAL INVOLVEMENT 





% 


| 


AOk 








10.8 


i 


LET RIGHT BILATERAL 








WW, 2 














THROMBOEMBOLISM 


DISTRIBUTION OF FATAL CASES 
ACCORDING TO HIOSPITAL SERVICES 








ALL FATALITIES 


=a FATAL PULMONARY 
EMBOLISM 


13.8 











MORTALITY ACCORDING TO HOSPITAL SERVICES 





34 OCHSNER, DEBAKEY, AND DECAMP Surgery 


January, 1951 


previously noted, by the fact that most of them had serious cardiac disease. 
The next highest mortality occurred among urologic patients. The lowest mor- 
tality rates were on the surgical and obstetric services. 

It might be well to point out that although only 150 of the fatal cases of 
pulmonary embolism were confirmed by necropsy, the clinical evidence in the 
other 53 fully justified the diagnosis of thrombosis and, it is believed, of pul- 
monary infarction or pulmonary embolism also. In regard to the mortality in 
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the cases of postoperative thromboembolism as compared with the deaths in the 
group of patients with thromboembolism who had had no operation on the uro- 
logic and surgical services, the mortality was highest in the group which had 
been operated upon, whereas, on the gynecologic service, it was slightly higher 
in patients who had not been subjected to operation (Fig. 11). The discrepan- 
cies are perhaps to be explained by the differences in the types of patients and 
the characteristics of the thrombotic processes in the various groups. In both 
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gynecologic and urologic patients the pelvic veins may be involved in the disease 
but in the former, particularly with postabortal sepsis, the factor of suppuration 
is an important one. 

Possible Preventable Deaths——To determine whether any deaths from pul- 
monary embolism in this series could have been prevented, the fatal cases were 
divided into 3 groups: (1) cardiae disease (83 cases), (2) postoperative cases 
(45 cases), and (3) nonoperative, noncardiac cases (75 cases). In the 83 fatal 
eardiae cases with pulmonary infarction there was severe myocardial disease 
and congestive failure. The majority also had associated myocardial infarction. 
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Fig. 11. 


In only 3 patients is it likely that the embolus originated from the veins in the 
leg because they were the only ones who exhibited definite manifestations refer- 
able to the legs. Had the pulmonary embolus originated in the veins of the leg, 
it is possible that ligation of the vein above the site of the thrombus might have 
prevented the fatality. However, in the cases that came to necropsy there was 
sufficient evidence of cardiac disease to account for the deaths so that it is hardly 
likely that many, if any, of the patients in the cardiae group might have been 
saved by surgical treatment. 

In the postoperative group of 68 cases there were 45 deaths, of which 23 
were probably preventable in that the patients exhibited peripheral venous or 
pulmonary signs of phlebothrombosis and could probably have been saved had 
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their femoral veins been ligated. In 1 patient who died femoral ligation was 
done so late, however, that it probably was of no value. Of the 23 patients who 
recovered, 10 had ligation of the deep veins of the lower extremities. 

Of 106 patients with various noneardiae medical and nonoperative surgical 
conditions, 75 died. Fourteen of the 31 patients who survived had venous liga- 
tion at the femoral, iliac, or vena caval levels; the remaining 17 recovered with- 
out venous ligation. Seven of the 75 patients who died were also subjected to 
venous ligation. However, in every instance there was reason why the pro- 
cedure was not successful: 5 had septic abortions and ligations were done too 
late to be useful; 1 had femoral phlebothrombosis and an unrecognized septic 
pelvie phlebitis and femoral ligation was ineffectual; and 1 had carcinoma of 
the pancreas with widespread metastasis, which undoubtedly was responsible 
for death. There was 1 ease of septic thrombophlebitis of the lower extremity 
in which the ligation was inadequate. 

Of these 75 fatal cases in which pulmonary embolism occurred, there were 
45 with definite signs indicative of the presence of venous thrombosis. In these 
ligation would probably have prevented the fatal outcome. In 22 eases it was 
definitely stated that no signs were present. 

Of the 265 patients with pulmonary embolism, 32 had venous ligations, 24 
of whom recovered and 8 succumbed. In addition to these, 58 patients with 
peripheral thrombosis without embolism were treated by venous ligation with 
no fatalities. 

In the entire series of 580 cases of thromboembolism, there were 91 venous 
ligations (15.7 per cent). Of the 203 fatal cases of pulmonary embolism, 71 
patients had symptoms and signs suggestive of thrombosis of the peripheral vein ; 
the fatality might have been prevented had the femoral vein been ligated. Aside 
from the ecardiae group, there were 120 patients with pulmonary embolism who 
died; 68 of these exhibited evidence of peripheral venous thrombosis and might 
have been saved by femoral ligation. On the other hand, 57 (43.3 per cent) 
had no signs suggesting phlebothrombosis. This demonstrates the difficulty in 
recognizing phlebothrombosis and emphasizes its great potential danger. 

In an effort to determine the possible diagnostic value of the various mani- 
festations of thrombosis and infarction, the 203 fatal cases were analyzed. For 
obvious reasons these were divided into septic and nonseptic groups. The rising 
pulse rate was the only warning of possible trouble in a little over one-third of 
the nonseptie cases. In the septic cases this sign is of little value because the 
pulse rate is constantly high, and even in nonseptic cases a rising pulse rate, 
though suggestive, does not necessarily indicate thromboembolism as the only 
possibility. 

Local evidence of thrombosis in the veins of the extremities was present in 
approximately one-fourth of the cases in both the septic and nonseptic. groups. 
Positive signs in the chest were present in over one-half the septic cases and in 
slightly over one-fourth of the nonseptie cases. One or more of the signs enu- 
merated was present in 55.9 per cent of the septic cases and 57.6 per cent of 
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the nonseptie cases. Thus, in almost one-half of all fatal cases of venous throm- 
bosis there was no clinical evidence of thrombosis of the peripheral veins which 
could be usefully interpreted as a warning of impending embolism (Fig. 12). 

As indicated earlier, the therapy of thromboembolism depends upon the 
type of lesion. As has been previously demonstrated by us, thrombophlebitis, 
because the symptoms are the result of acute vasospasm, is best treated by vaso- 
dilatation secured by anesthetization of the regional sympathetic ganglia with 
procaine hydrochloride. Only in relatively rare instances in which thrombo- 
phlebitis is complicated by suppuration are radical measures, such as ligation 
of the vein proximal to the site of the thrombus, necessary. On the other hand, 
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the treatment of phlebothrombosis in the past has consisted of prophylaxis by 
overcoming circulatory stasis and minimizing tissue damage, both of which pre- 
dispose to clotting, and by proximal venous ligation when thrombosis is suspected. 
Unfortunately, the incidence of deaths following thromboembolism is still high 
in spite of diligent measures not only to prevent development of the condition 
but also to prevent complications, such as pulmonary embolism, from developing 
once a thrombus has occurred. As already emphasized, in 43.3 per cent of the 
fatal cases of pulmonary embolism not associated with heart disease there was 
no clinical evidence of phlebothrombosis. 


DISCUSSION 


Analysis of this series of 580 cases of thromboembolism, as is always the 
case in the consideration of factual data, has negated certain impressions gen- 
erally held concerning this condition and confirmed others. One point that has 
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emerged with striking clarity is the high mortality rate associated with pul- 
monary infarction in postabortal sepsis and in postpartal thrombophlebitis 
associated with sepsis. However, with the increasing performance of ligation 
of the ovarian veins and vena cava, the results have become progressively better. 
The potentialities in both conditions are so grave that ligation of the vessels is 
indicated as soon as the diagnosis is made, just as ligation of appropriate veins 
is indicated in all cases of bland thrombosis of deep veins, that is, phlebo- 
thrombosis. 
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Another point that has emerged from this study is the rather surprising 
fact that in approximately one-half of all the fatal cases there was no clinical 
evidence of the presence of conditions which might lead to pulmonary embolism 
or infarction. Some fatalities could undoubtedly have been prevented, but in 
others nothing in the clinical picture could reasonably have been interpreted 
as a warning of the impending tragedy. Moreover, from this analysis, it is not 
even possible to say with certainty that trouble is more likely to develop under 
some circumstances than under others. Pulmonary embolism may occur and 
perhaps might be expected in extensive carcinomatosis in a person advanced in 
years, but it may also occur, and is not likely to be expected, after a simple 
hernioplasty in a young and healthy adult. 

Another unexpected and highly significant observation revealed by this 
study is the fact that the incidence of thromboembolism has continued to increase 
despite assiduous efforts to control it. Thus, during the 5 year period, 1941 to 
1946, the rate of thromboembolism was 147 per hundred thousand admissions, 
whereas during the more recent period, 1947 to 1948, this rate was 230, an 
increase of 56 per cent (Fig. 13). Of particular importance is the fact that 
there was an even greater increase in the occurrence of fatal pulmonary embolism 
with the actual figure for the more recent period being 111 per cent greater 
than that of the previous period (Fig. 13). 
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Several factors may be accounting for this increased incidence of thrombo- 
embolism. The increase may be more apparent than real in that the diagnosis 
is made more frequently because of recent increased interest in the condition. 
It is doubtful, however, that the increase can be explained entirely on this basis 
since the staff at Charity Hospital has had a continuing interest in this subject 
for many years and has, therefore, been keenly aware of the condition. Another 
possible explanation for the increased incidence of thromboembolism in recent 
years lies in the almost routine administration of antibiotics which apparently 
produce increased coagulability of the blood, thus favoring the production of 
venous thrombosis. Moldavsky, Hasselbrook, and Cateno*® demonstrated that 
patients receiving penicillin injections exhibited increased coagulability of 
blood. This work was corroborated by Macht.2 More recently, Macht and 
Farkas* demonstrated that aureomyein given both to patients and animals 
caused a definite shoriening of the blood coagulation time. Since there was no 
difference in the prothrombin time after the administration of aureomycin, the 
increased coagulability would seem to be due to changes in other factors neces- 


sary for blood coagulation. 

In an institution such as Charity Hospital where for some time the staff 
has been intensely interested in the prevention and control of thromboembolism, 
the fact that the incidence of thromboembolism, as well as that of fatal pulmonary 
embolism, has increased materially makes it almost obligatory to seek more 
effective measures for the prevention and control of this disease. Since most 
of the fatalities are in patients with phlebothrombosis, it is these patients who 
require the greatest help. As mentioned previously, attempts have been made 
to contro] circulatory stasis, which is thought to be a predisposing factor in the 
development of phlebothrombosis of the veins of the lower extremity. Although 
these measures have been enforced for the past 10 years, the desired decrease 
in the incidence of thromboembolism and in the number of fatal pulmonary 
emboli has not been obtained. It is obvious, therefore, that the predisposing 
factor in phlebothrombosis, that is, increased coagulability of the blood, must 


be controlled. 

We have believed for some time that if it were possible to determine in a 
simple, yet accurate, manner the patients in whom venous thrombosis might 
develop, prophylactic anticoagulant therapy might be used in these patients. 
It is generally agreed that the routine use of anticoagulants in the treatment 
of all hospital patients is not justified for 2 reasons. It has been the experience 
of most physicians that anticoagulants, particularly Dicumarol, even when eare- 
fully controlled by daily prothrombin determinations, frequently cause com- 
plications, principally hemorrhage, which may end fatally. Occasionally even 
thrombosis occurs. Because of this, obviously anticoagulant therapy, if used 
at all, should be reserved for those cases in which phlebothrombosis appears 
imminent. 

Considerable emphasis has been placed upon the value of prothrombin 
determinations in indicating the presence of a thrombosing tendency. Sandrock 
and Mahoney’ believed that routine prothrombin determinations postoperatively 
are valuable in indicating potential thrombosis. On the other hand, McClure 
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and associates* found prothrombin determinations of relatively little value. 
Cummine and Lyons' believed that the regular demonstration of fibrinogen B 
and a short clotting time in patients with postoperative thrombosis warrants 
the use of these tests routinely in postoperative cases to determine impending 
thrombosis. McClure and co-workers partially confirmed the observations of 
Cummine and Lyons and believed that fibrinogen B determinations might be 
of value clinically in predicting probable thrombosis. 

For the past 2 years Dr. John H. Kay* and one of us (A. O.) have been 
interested in the study of blood coagulation. These studies, which are to be 
presented in greater detail elsewhere, suggest that thrombin is necessary to 
convert fibrinogen to fibrin possessing good tensile strength. This would in 
turn suggest that phlebothrombosis will not oceur unless thrombin is present 
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to a greater or lesser degree intravascularly. Since thrombosis does not occur 
in every patient who has been subjected to trauma, it appears likely that nor- 
mally thrombin, which may be released as a result of injury following operation 
or in any other way, is inactivated by circulating antithrombin which combines 
with it. Studies suggest that the circulating antithrombin may be alpha to- 
copherol phosphate, which is normally present in the alpha globulin and the 
gamma globulin fractions of the blood. 

Antithrombin levels, together with prothrombin times and fibrinogen b 
leve's, were determined on 200 surgical patients preoperatively and on successive 
days postoperatively (Fig. 14). When antithrombin levels were 1:32 or higher 
and continued at these levels, intravascular clotting did not oceur. Of the 200 
patients studied, 72 had antithrombin levels of 1:16 or less during the post- 
operative period. Of these, 42 had prothrombin times longer than 20 seconds 
(15 seconds being regarded as normal) and 30 had prothrombin times shorter 
than 20 seconds on the days that the antithrombin levels were 1:8 or 1:4 (Fig. 
15). Of the latter 30 patients, clinical evidence of thrombosis and embolism 
developed in 16. Only 1 of the 42 patients who simultaneously had prothrombin 
times above 20 seconds and antithrombin levels of 1:8 to 1:4 presented any 
clinical evidence of intravascular clot. This patient died of cerebral thrombosis. 
When the intravascular clot became evident, the antithrombin level was 1:4 and 
the prothrombin time was 39 seconds. Eight of the 12 patients who died of 


*From the Department of Surgery, Tulane University School of Medicine, New Orleans, 
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other than embolic causes had prothrombin times above 20 seconds and anti- 
thrombin levels of 1:8 at the same time shortly before death. In 1 of the 128 
patients whose antithrombin levels were 1:16 or above a fatal embolus developed 
5 days postoperatively with a 1:16 antithrombin level and a normal prothrombin 
time of 15 seconds. 

These investigations suggest that intravascular clotting is determined by 
the relative disproportion between the prothrombin and antithrombin levels 
of the blood and that whenever the disproportion becomes great enough, intra- 
vascular clotting can occur. This undoubtedly explains the reason why some 
patients with low prothrombin levels as a result of anticoagulant therapy have 
thrombosis, which would be entirely possible if the antithrombin level is pro- 
portionately lower. 
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It is suggested that by means of a relatively simple and yet apparently 
accurate laboratory procedure it will be possible to predict with a great deal 
of certainty the patients in whom venous thrombosis is likely to develop. 
Whereas a relative antithrombin deficiency does not mean that a clot will develop 
in every instance, demonstration of a low antithrombin level in a patient whose 
prothrombin level is, however, normal is indicative that thrombosis is likely 
and steps should be taken to prevent the development of an intravascular clot. 
Whereas anticoagulants might be employed in these cases, we believe that their 
use even in such a small group is too dangerous. Since alpha tocopherol 
phosphate is apparently a normal antithrombin found within the blood, it 
appears to represent a satisfactory substance to correct an antithrombin defi- 
ciency. In 4 patients with thrombophlebitis whose antithrombin levels were 
1:8 or 1:16, the oral administration of alpha tocopherol* in doses of 100 inter- 
national units 3 times daily raised the levels to 1:64. It is hoped that alpha 


*In the form of Epsilan M., supplied by The Warren-Teed Products Company, Columbus, 
Ohio. 
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tocopherol phosphate, or some other antithrombin, can be used routinely in all 
individuals in whom thrombosis might occur as prophylaxis against the develop- 
ment of antithrombin deficiency and consequent thrombosis. 


SUMMARY 


1. The present study is based on 580 cases of venous thrombosis encountered 
at Charity Hospital during the 7 year period, 1941 to 1948; of these, 516 were 
complicated by pulmonary embolism, 203 of which ended fatally. 

2. The incidence of thromboembolism is increasing in spite of measures 
which have been instituted to prevent its development. In the 5 year period, 
1941 to 1946, there were 332 cases, and in the subsequent 2 year period, 1947 
and 1948, there were 248 cases, or an increase in the rate per hundred thousand 
admissions of 56 per cent. There was an even greater increase in the incidence 
of fatal pulmonary embolism in the last 2 years, the corresponding percentage 
being 111. 

3. Thromboembolism occurred more frequently in white people than in 
colored and more often in females than in males. Embolism, however, affected 
men more often than women. 

4. The age incidence of fatal embolism followed rather closely the curve 
for the age distribution of thrombosis. When compared with the curve for the 
age distribution of all fatalities in the hospital, there appeared to be a tendency 
for pulmonary embolism to occur at a slightly earlier age. 

5. There was no significant variation in the seasonal incidence. 

6. The incidence of thromboembolism for the individual services corre- 
sponded to that for all hospital admissions with the exception of the obstetric 
and gynecologic services. Whereas 20 per cent of all admissions were to the 
obstetric service, only 9.8 per cent of cases of thromboembolism were on this 
service. Of all cases admitted to the hospital, 8.7 per cent were on the gyne- 
ecologic service, and 18.1 per cent of cases of thromboembolism were observed 
on this service. Tuberculosis was associated with a low incidence of thrombo- 
embolism. 

7. Whereas only slightly more than one-fourth of all the cases of thrombo- 
embolism were on the medical service, approximately one-half of the fatal cases 
of pulmonary embolism occurred on this service. This is probably due to the 
fact that the majority of these patients had serious cardiac disorders. Although 
10 per cent of all cases of thromboembolism occurred on the obstetric service, 
only 2 per cent had fatal pulmonary emboli. 

Approximately one-fourth of the cases of thromboembolism occurred post- 
operatively. The next largest number occurred in association with heart disease. 
In the postoperative group, the relative frequency of pulmonary embolism was 
approximately that of thrombosis, whereas in the cardiac group the frequency 
of pulmonary embolism was far greater. Eight per cent of all cases of thrombo- 
embolism occurred spontaneously. 

8. The deaths from pulmonary embolism paralleled generally the curve 
of the deaths for all hospital services with the exception of the gynecologic, 
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obstetric, and tuberculosis services. In gynecology the proportion of deaths 
from pulmonary embolism was significantly greater in relation to all cases of 
pulmonary embolism than was the proportion of gynecologic deaths in relation 
to all hospital deaths (13.8 per cent and 1.9 per cent, respectively). This is 
probably due to the large number of patients with postabortal sepsis treated 
on the gynecologic service. In the obstetric group the number of fatalities was 
low. In tuberculosis the relative number of deaths from thromboembolism was 
much lower than the tuberculosis death rate. 

9. Of the 580 cases of pulmonary embolism, 203 (35 per cent) were fatal. 
The highest mortality rates (63.5 per cent) occurred in patients with medical 
conditions; the lowest were on the surgical and obstetric services. 

With the exception of the cardiac cases, a number of the fatalities from 
pulmonary embolism might have been prevented by ligation of the femoral vein. 
Of the entire group of 580 cases, 15.7 per cent had venous ligation. However, 
in 43.3 per cent of the fatal cases of pulmonary embolism not associated with 
heart disease there was no clinical evidence of phlebothrombosis. This emphasizes 
the difficulty of making this diagnosis. 

10. On the basis of certain studies on blood coagulation, it is believed that 
the relating proportions of antithrombin and blood thrombin levels of the blood 
constitute significant factors. These studies suggest that the circulating anti- 
thrombin may be alpha tocopherol phosphate, which is normally present in the 
alpha globulin and gamma globulin fractions of the blood. Whereas venous 
thrombosis does not develop in every case with antithrombin deficiency, a low 
antithrombin level in a patient whose prothrombin level is normal is indicative 
that thrombosis is likely and steps should be taken to prevent the development 
of an intravascular clot. 
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AMBULATORY VENOUS PRESSURE DETERMINATIONS IN 
POSTPHLEBITIC AND RELATED SYNDROMES 


Pau. T. DECAmp, M.D., Ropert J. SCHRAMEL, M.D., CHARLES JoHN Ray, M.D., 
N. DoNALD FEIBLEMAN, M.D., JAMES A. Warp, M.D., AND 
ALTON OCHSNER, M.D., NEw ORLEANS, LA. 


(From the Department of Surgery, Tulane University School of Medicine, and the 
Ochsner Clinic) 


HE lower legs of the human being are peculiarly vulnerable to chronic, 

progressive disorders which, though dissimilar in etiological backgrounds, 
have similar clinical pictures. Varying somewhat with the particular etiological 
factors, the typical lesions of this ‘‘lower leg svndrome’’ include several or al! 
of the following elements: recurrent dermatitis, erysipelas, cellulitis or lymphan- 
gitis, pigmentation, brawny edema, subcutaneous fibrosis, and, finally, ulceration. 
Pain may be present, but is not characteristically a prominent feature in the 
absence of ulceration. 

Although this syndrome usually occurs as a late sequel of deep thrombo- 
phlebitis, as has been suspected for many years’* 1 15 but only recently more 
generally appreciated,” * ® 8 33 jit is important to realize that even in these 
instances auxiliary factors, such as recurrent cellulitis or dermatitis, play 
significant parts in the development of the disorder. Furthermore, apparently 
identical clinical pictures occur subsequent to other conditions, such as trauma— 
with or without edema, ankylosis, paralysis, arteriovenous fistula, severe super- 
ficial varicosities, lyvmphangitis, or obesity.*” °° In some instances entirely 
spontaneous indolent ulcers develop, to be followed by the other features of 
the syndrome. 

Because of the many etiological factors involved in the postphlebitie syn- 
drome, accurate interpretation of the condition has been difficult, and thera- 
peutic techniques, though reasonably effective, have been essentially empirical. 
It is therefore important that the various mechanisms involved be carefully 
studied so that their significance may be more accurately defined. 

The venous pressure relationships in the postphlebitic state have been 
the subject of considerable study and speculation. Immediately following ob- 
struction of a major vein by ligature or thrombosis the pressure in the venous 
system peripheral to that point rises sharply.” ** ** A part of the hypertension 
may be due to reflex vasospasm and may be relieved by paralysis of the sym- 
pathetic nerves.1? Anatomic studies have demonstrated that in most instances 
thrombosed veins eventually recanalize, but that when they do the valve leaflets 
are trapped in the sclerotic walls of the vein and are functionless.** In other 
instances, immediately adjacent thin-walled, valveless veins dilate and assume 
a share of the lost function of the parent vein.* ** 

The absence of functioning valves does not alter the venous pressure rela- 
tionships in an individual when recumbent or standing quietly erect.? *» * 
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In a normal erect person the venous pressure in the veins of the lower leg drops 
sharply with active exercise.*: ** 414? This fall is apparently due to the pumping 
action of the muscles of the leg compressing and emptying the veins within the 
deep fascial compartment. Competent valves are thought to facilitate the fall 
in pressure by preventing reflux flow of venous blood. It has been demonstrated 
that with incompetent valves of the saphenous veins the ambulatory venous 
pressure in the superficial veins of the leg is elevated.* 41 ** 47 In patients 
exhibiting late postphlebitie sequelae it has also been shown that the fall in 
venous pressure attendant on ambulation is considerably less than in normal 
subjects.** #47 Our observations (vide infra) are in accord with these findings. 
Veal and Hussey** noted a rise in venous pressure in the arm on exercise in 
the presence of major venous obstruction. They performed similar studies in 
the leg but the technique was crude and the results equivocal. 

Such ambulatory venous hypertension could be due to (1) residual venous 
obstruction from the original obliterative process, (2) the oeeurrence of venous 
reflux of a major degree in valveless veins, or (3) a combination of these two. 
In recent years emphasis has swung from the ‘‘obstructive’’ to the ‘‘reflux’’ 
factor. Correct definition of these factors may be difficult but must be attempted. 
This is particularly true since the proposal has been made,”° and endorsed in 
several publications* * * 71 2% 2% 25 jneluding our own,** *° that, in the presence 
of the lower leg syndrome, the main deep venous channel of the leg be ligated 
when valvular insufficiency of the deep system is demonstrated. This procedure 
has been advocated in the hope that through the prevention of venous reflux the 
ambulatory venous hypertension will be reduced. There has not been, however, 
any postligation venous pressure observation to indicate that such a reduc- 
tion in ambulatory venous pressure occurs. The observation by Bauer,’ 
that, in the first few seconds following change from the recumbent to the erect 
position, venous ligation will prevent the instantaneous pressure rise which 
oceurs in the absence of competent valves, is not pertinent to the problem as to 
what the venous pressure will be thereafter when venous blood must attempt 
its exit from the leg only through auxiliary channels. Ligation of a major 
vein, even a sclerotic recanalized vessel, might well act in the direction of 
increasing venous hypertension by a significant reduction in the ealiber of the 
venous outflow tract. 

Actually, recent reports indicate that ambulatory venous hypertension is 
not greatly altered by this procedure.’” ** *7 It is our opinion, however, that 
in these reported studies the intravenous needles used were too small to reflect 
accurately the extent of pressure changes. In one of these studies the needle 
was inserted into the internal saphenous vein in the upper leg.** 47 We believe 
that measurements in this location do not accurately reflect the pressure relation- 
ships in the deep veins of the lower leg. 

In an effort to study objectively the physiologic changes in the venous 
system of the lower part of the leg associated with the postphlebitie and related 
conditions we devised a simple, apparently reliable, direct method to measure 
the pressure relationships in the veins of the foot or lower part of the leg in 
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the recumbent, erect, and walking subject. Subcutaneous veins were used, 
but in this location they are believed to represent end veins of the deep as well 
as the superficial venous systems and must sustain pressures essentially similar 
to those in the deep venous system. 


TECHNIQUE 


A simple, citrate-filled water manometer system was used throughout. A 
preliminary antecubital venous pressure was obtained with the subject reeum- 
bent. In the reeumbent position the level of the right atrium was taken to be 
one-half way between the back and the sternum at the third interspace.** <A 
vein of the dorsum of the foot or the ankle was exposed and cannulated with 
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Fig. 1.—Sketch of water manometer system used in measuring ambulatory and resting venous 
pressures in the foot and lower part of the leg. 























a large, flexible polyethylene tube of an internal diameter of 1 mm., which is 
large enough to receive a No. 18 French needle. The latter was connected 
through an adapter to a length of stiff rubber tubing (Fig. 1). A 3 way stop- 
cock was inserted into the length of tubing. This led to a large syringe which 
was used as a reservoir. The tubing led finally to a length of narrow bore glass 
tubing in which the fluid level could be observed. The entire system was filled 
with a 1.5 per cent solution of sodium citrate. The level of the pressure in 
the system was read against a rule on a standard which was placed on the floor 
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in a convenient position. We believe that the use of large bore cannulas is 
essential to permit accurate recording of rapid pressure changes in a fluid 
system of this type. 

The venous pressure in the cannulated foot vein was first obtained with 
the subject reeumbent and the foot at the same level as the heart. It was then 
taken with the subject standing quietly erect, relaxed, and resting his back 
gently against the wall. The resting-erect venous pressure represents the dis- 
tance from the orifice of the intravenous cannula to the level of the fluid in the 
manometer. The fluid level may be related to the position of the right atrium, 
which is considered to be at the upper extremity of the fourth anterior inter- 
space at the sternum.*® After repeated determinations indicated a stable pres- 
sure level, the patient was instructed to lift his feet briskly in a standing walk. 
Initially, pressure changes were recorded with the subjects walking at a slow 
as well as a rapid rate. The findings were similar except that the character of 
the pressure changes were sharper and of better quality with the more rapid 
walk. We therefore standardized the exercise as a rapid walk with the feet 
being lifted approximately 6 inches at the rate of one double-step (both feet) 
per second, the rate being counted for the patient by one of the observers. As 
the pressure fell, the glass tube of the manometer system was dropped with the 
dropping fluid level in order that the latter might be visualized at all times. 
There was a swing of about 5 to 7 em. with each step, the mean being taken as 
the pressure level. The time to fall was measured as the time it took the fluid 
level to fall to within 5 em. of its final walking level. Changes after this point 
are sluggish and irregular. 

The patient continued walking for at least a minute to determine if a 
secondary pressure rise would occur with prolonged exercise. The patient was 
then instructed to stop walking and relax against the wall. The glass tube of 
the manometer system was immediately returned to its preambulation position 
and the tube refilled with citrate solution from the syringe reservoir. The 
stopcock was immediately turned back and the intravenous pressure obtained. 
The fluid level in the glass tube rapidly fell past the resting erect pressure 
level until the venous pressure had built back up to that point. It required 
about 3 seconds to make the first reading. The readings were repeated at 
intervals of 2 seconds when indicated. When the intravenous pressure had 
returned to the preambulation level, the time was noted and the ‘‘time to rise’’ 
was measured as the interval since the patient stopped walking. The ‘‘degree 
of fall’’ or ‘‘extent of fall’’ represents the distance the fluid level fell on walk- 
ing divided by the total distance from the orifice of the intravenous cannula 
to the manometer reading with the patient in the resting erect position. The 
‘‘rate of fall’’ or the ‘‘rate of rise’’ are expressions of the degree of fall, or rise, 
per unit of time. 

Observations were repeated until at least 3 similar patterns were obtained. 
A highly satisfactory degree of correlation was observed in these repeated 
observations. A tourniquet was then placed about the upper one-third of the 
leg to obliterate the superficial venous system. The pressure observations were 
repeated to determine if the pressure pattern was influenced in a significant 
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degree by the superticial venous system. Ambulatory venous pressure determi- 
nations were obtained in 47 individuals. These were closely correlated with 
the clinical picture in all instances. Retrograde phlebography was performed 
on 8 individuals to correlate anatomic with physiologie findings. 


AMBULATORY VENOUS PRESSURE IN NORMAL SUBJECTS 


Among 11 apparently normal persons 1 unusual venous pressure pattern 
was obtained and will be discussed later. In the remaining 10 individuals a 
consistent pattern was observed. The recumbent antecubital venous pressures 
ranged from 8.0 to 16.0 em. with a mean of 10.5 em. Recumbent pressures in 
the veins of the foot ranged from 11.0 em. to 25.7 em. with a mean of 16.8 em. 
With the subjects standing quietly erect and leaning gently back against the 
wall for support the pressures recorded ranged from 0.0 to 15.0 em. above 
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Fig. 2.—Ambulatory venous pressure patterns observed in 10 normal individuals. Maximum, 
minimum, and mean degrees of pressure fall are indicated. 
heart level, with a mean of 7.0 em. This last determination is necessarily a 
crude one as it is influenced by intra-abdominal contents and the minor degree 
of muscular activity in the lower extremities attendant upon even the relaxed 
erect position used. With brisk walking the pressure in all instances fell 
rapidly (Fig. 2), requiring from 9 to 26 seconds, with a mean of 14.5 seconds. 
The mean rate of fall was 5.1 per cent per second. The total degree of fall 
ranged from 50.0 per cent to 90.0 per cent with a mean of 66.4 per cent. No 
significant additional changes in the pressure levels occurred during prolonged 
periods of exercise. On cessation of exercise the pressure promptly but slowly 
began to rise, from 23 to 40 seconds being required, with a mean of 33 seconds. 
It is believed that, in the absence of any reflux venous filling from above, this 
gradual rise in the venous pressure corresponds with the arrival in the venous 
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system of blood. coming through the eapillaries from the arterial side. This 
has its counterpart in the classical observations of the slow filling of superficial 
varicosities in the absence of valvular incompetence, on changing from the 
supine to the erect position,** or after stopping exercise.°° The mean rate of 
rise, 2.1 per cent per second, is much slower than the rate of fall on initiating 
exercise. The pressure in each instance returned directly to the preambulation 
level. Application of a tourniquet to the leg tightly enough to obliterate the 
superficial veins did not alter the venous pressure pattern in any of these 
individuals. 





Fig. 3.—Retrograde phlebogram demonstrating competent valves in the deep veins of the 
thigh. This patient had a “normal’ ambulatory venous pressure pattern. 


Retrograde phlebography in one of these normal subjects according to a 
technique previously described* 1 ** revealed the presence of competent valves 
in the deep system (Fig. 3). After dissection and insertion of a flexible cannula 
in the superficial femoral vein in the upper part of the thigh (we were unable 
to obtain satisfactory studies with the cannula in the proximal end of the 
divided internal saphenous vein), the patient was placed in a 45 degree reverse 
Trendelenburg position on the roentgen-ray table. Thirty cubic centimeters 
of a 50 per cent solution of Diodrast were injected over a 1 minute interval, 
and a picture of the thigh was taken immediately thereafter. As rapidly as 
the films and the roentgen tube could be changed an additional picture was 
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taken of the leg. In each instance in which this procedure was used, the result 
corroborated the valvular status suggested by the venous pressure determinations. 
The method requires considerable surgical dissection and is not, in our opinion, 
as accurate as the ambulatory venous pressure observations in demonstrating 
valvular insufficiency, for the latter method reflects the pressure relationships 
as affected by any valves in the entire active lower extremity, whereas a retro- 
gerade phlebogram indicates only the anatomic competency of the valves of the 
deep system of the inactive patient, and only below the point of insertion of 
the cannula—in these instances below 3 to 5 em. distal to the proximal end of 
the superficial femoral vein. 
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Fig. 4.—Ambulatory venous pressure patterns observed in 12 extremities of 11 patients suffering 
from the “postphlebitic syndrome.” 


AMBULATORY VENOUS PRESSURE IN THE POSTPHLEBITIC SYNDROME 


Ambulatory venous pressure determinations were recorded in 15 patients 
with typical histories of acute thrombophlebitis and subsequent persistence of 
a postphlebitie state of considerable severity. All these patients gave a history 
of postphlebitie edema persistent to the time of observation. Dermatitis and 
pigmentation were the rule. Induration was common and all except 1 had a 
history of ulceration. Mild superficial varicosities, apparently secondary to 
the phlebitis, were noted in 12. Four of the latter had a venous pressure pat- 
tern suggestive of a high degree of venous obstruction and will be discussed 
later. In 12 diseased extremities of 11 patients venous pressure determinations } 
revealed a sustained, though moderate, drop *~ pressure throughout ambulation 
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and these were grouped together for evaluation. The reeumbent antecubital 
pressures ranged from 5.0 to 17.0 em. with a mean of 11.5 em. The venous 
pressures in the recumbent foot ranged from 13.5 to 25.0 em. with a mean of 
18.8 em. The resting erect pressures ranged from 0 em. to 15 em. above heart 
level with a mean of 7.3 em. These values are all within the normal range and, 
in view of the abnormalities attendant upon ambulation, indicate that static 
venous pressure measurements are not sufficiently delicate indices of the state 
of the deep venous system. 





; Fig. 5.—Retrograde phlebogram demonstrating absence of competent valves in the deep 
veins of the thigh and leg. This patient exhibited a postphlebitic syndrome, ambulatory venous 
hypertension, and evidence of refiux filling of the venous system. 


On ambulation the pressure began to drop immediately but slowly (Fig. 4) 
from 9 to 23 seconds, with a mean of 14 seconds being required. As the degree 
of fall was small the mean rate of fall was slow, being 2.8 per cent per second 
as against the normal mean rate of 5.1 per cent per second. The degree of 
fall ranged from 16.6 per cent to 52.5 per cent with a mean of 38.0 per cent. 
As already stated, in all these individuals the pressure remained constant 
during exercise once the effects of ambulation had been established. On cessa- 
tion of walking the pressure in all instances returned directly to the preambu- 
lation level. This rise was rapid, occurring in from less than 3 seeonds to 14 
seconds with a mean of 8.8 seconds. The mean rate of rise was 4.4 per cent 
per second as against the normal of 2.1 per cent per second. In none of these 
patients was the venous pressure pattern altered significantly when restudied 
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after tourniquet obliteration of the superficial veins. The mean rate of fall, 
the mean degree of fall, and the mean,rate of rise in this group all represent 
statistically significant deviations from the corresponding mean determinations 
in the group of normal subjects. It should be noted that if the 4 patients with 
evidences of severe obstruction had been included in this group the deviations 
from normal would have been even greater. 
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Fig. 6 (Case H. M.).—Ambulatory venous pressure pattern 12 days after inferior vena 
cava ligation for suppurative pelvic thrombophlebitis. Minimal edema of the leg present. Evi- 
dence is present of a severe degree of venous obstruction. 


It is believed that these abnormalities in the ambulatory venous pressure 
pattern could be due to the phenomenon of reflux filling, a degree of residual 
venous obstruction, or both. In each instance in which retrograde phlebography 
was done it confirmed the absence of competent valves in the deep venous 
system. In Fig. 5 is illustrated the absence of any valves in the deep veins 
down to the point of thrombosis below the knee. 

AMBULATORY VENOUS PRESSURE IN UNCOMPLICATED VENOUS OBSTRUCTION 

In an effort to ascertain the pattern of the ambulatory venous pressure in 
the presence of a severe degree of uncomplicated venous obstruction, studies 
were made in 4 women, 1 week to 39 months after inferior vena caval ligation 
for septic pelvic thrombophlebitis. Measurements were made in legs in which 
no evidence of phlebitis had occurred before or after ligation. The only clinical 
abnormality was the presence of minimal edema of the leg in all subjects. The 
recumbent antecubital venous pressures ranged from 10.0 em. to 21.0 em. with 
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a mean of 14.6 em. The recumbent foot vein pressures were significantly ele- 
vated, ranging from 31.0 em. to 41.0 em. with a mean of 35.1 em. This finding 
confirms previously published observations of Ray and associates.*® The rest- 
ing erect venous pressures in the feet were also higher than normal, ranging 
from 9.5 em. to 22.5 em. above heart level with a mean of 17.4 em. 
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Fig. 7 (Case D. L.).—Ambulatory venous pressure pattern 7 days after inferior vena 
caval ligation for suppurative pelvic thrombophlebiiis. Minimal edema of the leg present. The 
ambulatory venous pressure is at all times higher than the resting erect pressure. 


Interesting, almost bizarre, venous pressure changes were noted in these 
individuals on ambulation. In the first patient, H. M., a 17-year-old Negro 
girl, observations made 12 days following inferior vena cava ligation (Fig. 6) 
showed a slow initial drop in pressure on walking but a secondary rise appeared 
after the subject had been walking for 46 seconds. The pressure rose and 
remained at a stable higher pressure level throughout prolonged periods of 
exercise. On cessation of walking the pressure rose abruptly to well above the 
resting erect pressure, gradually returning to that level in about 30 seconds. 
In the second patient, D. L., an 18-year-old white girl, tested the seventh day 
following caval ligation, an even more striking degree of obstruction was 
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apparent (Fig. 7). The pressure during ambulation was at all times higher 
than the resting erect pressure and a striking additional rise occurred on 
cessation of walking, with a subsequent slow return to the resting level. In 
the third patient, L. W., 1 month after vena caval ligation a good initial drop 
in pressure occurred on ambulation but again a secondary pressure rise occurred 
after 40 seconds of ambulation. In the fourth patient, 244 years after operation, 
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Fig. 8 (Case L. W.).—Postphlebitic syndrome with ulceration. Ambulatory venous pressure 
pattern indicates a high degree of venous obstruction. 


no secondary rise occurred during ambulation, but in this, as well as the preced- 
ing patient, the characteristic abrupt rise in pressure to well above the resting 
level occurred thereafter. The highest degree of venous obstruction is illustrated 
by patient D. L. (Fig. 7), in whom the pumping action of the active leg muscles 
merely drove the blood against a deficient outflow tract and the venous pressure 
actually rose primarily during muscular activity. In other instances, patients 
L. W. and H. M. (Fig. 6), in whom the obstruction was not as severe, the 
muscular activity was able to foree blood through a moderately constructed 
outflow tract and the pressure was initially reduced. However, after a period 
of from 30 to 45 seconds, when the increased blood flow resulting from the 
muscular activity began to reach the venous circulation, the constricted venous 
outflow tract was inadequate to handle the increased volume of flow and the 
pressure rose until a level was reached at which the increased volume of blood 
flow could be foreed out of the leg. On cessation of walking the expulsive effect 
of muscular activity was lost while the increased blood flow resulting from the 
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previous activity continued for 30 seconds or longer. This could account for 
the transitory postambulation rise in venous pressure, in all these individuals, 
to levels well above the resting erect pressure. It should be noted too that these 
pressure rises were prompt, usually being completed within 3 seconds after 
cessation of ambulation. 
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_ Fig. 9 (Case F. C.).—Postphlebitic syndrome with ulceration and secondary superficial 
varicosities. Ambulatory venous pressure patterns indicate a high degree of venous obstruction 
which is greater following obstruction of the superficial veins by a tourniquet. 


AMBULATORY VENOUS PRESSURE IN POSTPHLEBITIC SYNDROME WITH 
SEVERE VENOUS OBSTRUCTION 

Four of 15 patients examined who exhibited the clinical picture of the post- 
phlebitie syndrome had ambulatory venous pressure patterns resembling this 
pattern of known severe obstruction. Patient L. W., a 60-year-old woman with 
postphlebitie edema and an ulcer 3 by 3 em. in diameter (Fig. 8), showed only 
a minimal drop in venous pressure on ambulation with a pronounced rise above 
the resting erect level on cessation of exercise. Patient F. C., a 47-year-old 
man with postphlebitic edema, ulceration, and secondary superficial varicosities 
(Fig. 9), experienced a minimal initial drop in pressure on ambulation with a 
secondary rise during exercise, and a rise above the resting erect level on cessa- 
tion of walking. It is of significance that, in this patient, when these determi- 
nations were repeated after a tourniquet had been placed below the knee to 
obstruct the superficial veins, the venous pressure pattern was slightly but 
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definitely worse in all its features (Fig. 9). This suggests that the superficial 
venous system was an important channel in the venous outflow of the extremity. 
Patient A. B. W. showed a postambulation rise above the resting level, and 
patient M. R. showed only a slight drop in pressure on ambulation with a second- 
ary rise to 20 em. above the resting erect level occurring during ambulation. 
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Fig. 10 (Case E. H.).—Postphlebitic syndrome. Ambulatory venous pressure patterns 
before and 10 days after superficial femoral vein ligation. A pronounced increase in ambula- 
tory venous hypertension followed this operative procedure. 
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These 4 individuals were not included in the first group of 11 postphlebitie 
patients because the obvious evidences of venous obstruction were too patent to 
permit any other interpretation. However, the unequivocal evidence of severe 
venous obstruction resulting in pronounced ambulatory venous hypertension in 
these individuals suggests that lesser degrees of obstruction may well have been 
largely responsible for the lesser degrees of ambulatory venous hypertension 
present in the larger group. 

The resting erect and recumbent venous pressures were within normal 
limits in several patients showing a severe degree of venous hypertension on 
ambulation. This indicates that static pressure determinations are unreliable 
indices of venous obstruction. The only patients in whom there were significant 
elevations of these static pressures were those in whom vena ¢aval ligation had 
been performed, and in 1 patient with a severe lower leg syndrome tested 5 
vears after ligation of the right common femoral vein in whom subsequent 
repeated episodes of ‘‘cellulitis’’ had occurred. 
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AMBULATORY VENOUS PRESSURES FOLLOWING LIGATION OF DEEP VEINS 


Ligation of the deep venous system of the thigh or leg has been recom- 
mended in postphlebitic states to reduce ambulatory venous hypertension by 
preventing reflux filling down valveless veins of the deep system. To date 
there have been no pressure determinations reported to support this thesis. 
Such studies as have been reported indicate either no change in pressure rela- 
tionships or a slight rise in venous pressure following venous ligation.’® *% 47 
We made the following observations relative to the ambulatory venous pressure 
after these procedures. 





Fig. 11 (Case E. H.).—Postphlebitic syndrome with bilateral edema of legs of equivalent 
degree. Left superficial fenioral vein ligation followed by pronounced increase in edema _ of 
right leg. Elastic supportive therapy diminished edema but photograph 5 months after operation 
demonstrates persistence of the increased edema. 


Patient E. H., a 47-year-old white man, gave a history of bilateral spon- 
taneous thrombophlebitis of 2 years’ duration, followed by persistent edema, 
dermatitis, and appearance of slight superficial varicosities. The appearance of 
the 2 legs was similar. Venous pressure studies (Fig. 10) showed a considerable 
drop in pressure on ambulation but the prompt postambulation rise indicated 
absence of competent valves in the deep system. This was confirmed by retro- 
grade phlebography. Ligation of the superficial femoral vein of the right leg was 
performed. This was followed immediately by pronounced increase in the edema 
in the leg. Pressure studies repeated 10 days subsequent to venous ligation 
revealed a considerable increase in the ambulatory venous pressure (Fig. 10), 
without any slowing of the rapid postambulation pressure rise. These studies 
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reveal a significant increase in venous obstruction with no evidence of develop- 
ment of valvular competence. Five months after ligation there was no apparent 
clinical improvement in the leg, except that with vigorous compression therapy 
the increased postoperative edema had partially subsided (Fig. 11). 

Patient L. R., a 41-year-old Negro woman, had acute thrombophlebitis fol- 
lowing appendectomy 18 years before; a severe lower leg syndrome developed 
with edema, dermatitis, subeutaneous induration, and finally recurrent ulcera- 
tion for the past 2 years. There was an ulcer measuring 3 by 4 em. on the 
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Fig. 12 (Case L. R.).—Postphlebitic syndrome with ulceration. Ambulatory venous 


pressure patterns before and 12 days after popliteal vein ligation. There is evidence of an 
extreme degree of venous obstruction following the operative procedure. 


anteromedial aspect of the lower leg. Venous pressure studies (Fig. 12) indi- 
cated moderate ambulatory venous hypertension with a rapid postambulation 
rise in pressure indicating absence of functioning valves in the deep system. 
This was confirmed by retrograde phlebography. The ulcer healed under 
conservative therapy and the popliteal vein was then ligated. No remarkable 
clinical change occurred but postoperative studies (Fig. 12) indicated a strik- 
ing increase in the ambulatory venous pressure with all the evidence of a severe 
vrade of venous obstruction. The patient continued to wear an elastic support. 
At the present time, 8 months later, there is no receurrence of ulceration but 
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the other lesions in the leg have remained unaltered. In a third patient with 
the postphlebitie syndrome showing a similar venous pressure pattern, the 
superficial femoral vein was ligated. Again, the clinical picture was not re- 
markedly altered; the patient has refused to have postoperative venous pressure 
studies. In view of these clinical results and venous pressure findings, and the 
fact that there is no reported instance of a reduction in the ambulatory venous 
pressure following deep vein ligation, we have been reluctant to perform the 
procedure in additional instances of the postphlebitie syndrome. 

We have, however, determined the ambulatory venous pressures in 9 addi- 
tional individuals in whom deep vein ligation had been performed 6 months to 
6 years previously. In 4 instances the interval was over 4 years. The indication 
for operation in 1 patient was a postphlebitic state and in the remainder acute 
phlebothrombosis. In 6 instances the superficial femoral vein had been ligated, 
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Fig. 13.—Ambulatory venous pressure patterns observed in 9 patients studied 6 months 
to 6 years following ligation of the deep venous system of the lower extremity. Maximum, 
minimum, and mean degrees of fall are indicated. 


and in 2 instances the common femoral vein. One patient who had a throm- 
bectomy and common femoral vein ligation 4 years before was completely 
asymptomatic. Four patients complained only of mild edema on standing; 
of these, 2 complained of aching in the feet and a ‘‘heavy’’ sensation in the 
ealf. Two additional patients had constant moderate edema of the leg with a 
similar type of discomfort. One man, W. O. W., seen 5 years following ligation 
of the common femoral vein, had massive edema, pigmentation, and induration 
of the leg with a weeping eczematoid dermatitis. He had had at least 10 episodes 
of cellulitis since operation. The 1 patient who had superficial femoral vein 
ligation for a severe postphlebitic syndrome of edema, pigmentation, induration, 
and ulceration was examined 12 months after operation. The ulcer had remained 
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healed but the skin overlying it was of poor quality and the other lesions had 
not been altered. 

In this group, with 1 exception, the recumbent antecubital and foot vein 
pressures, as well as the resting erect pressures, were within normal limits. 
In patient W. O. W., previously mentioned, the recumbent foot and resting 
erect pressures were elevated respectively to 36 and 17 em. above heart level. 
As indicated in Fig. 13, in this group the rate of fall in pressure on ambulation 
was slow, requiring from 11 to 30 seconds with a mean rate of fall of 2.1 per 
cent per second. The degree of initial fall was limited, ranging from 20 to 60 
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Fig. 14 (Case A. L.).—Superficial femoral vein ligation for phiebothrombosis and pul- 
monary infarction. Ambulatory venous pressure patterns 11 and 15 months after ligation 
indicate improvement in ambulatory venous hypertension with the passage of time but with- 
out evidence of competence of valves, as indicated by persistent rapid postambulatory rise in 
venous pressure, 
per cent with a mean of 35.8 per cent, which is slightly less than the post- 
phlebitic group. In 4 of the individuals a secondary rise in pressure occurred 
during ambulation and this was followed by a postambulation rise to above the 
resting erect level. An additional significant observation is that in every 
instance the pressure rise on cessation of walking was rapid, being 4 seconds or 
less in 4 and ranging up to 10 seconds in the remainder. The mean was 6.7 
seconds and the mean rate of rise was 5.3 per cent per second. There is thus 
evidence that in none of these individuals had a venous system developed in 





ser le VENOUS PRESSURE IN POSTPHLEBITIC SYNDROME 61 
which competent valves were functioning. A severe grade of obstruction was 
present in at least 4 individuals. Studies on 1 patient, with minimal edema, 11 
and again 15 months after ligation of the superficial femora! vein for phlebo- 
thrombosis (Fig. 14), do indicate a reduction in the ambulatory venous hyper- 
tension with the passage of time but as there is no alteration in the rapid rise 
of pressure on cessation of walking it is apparent that the improvement is due 
to amelioration of venous obstruction and not to the development of venous 
channels controlled by competent valves. 
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: Fig. 15 (Case T. P.).—Postphlebitic syndrome with moderately severe secondary super- 
ficial varicosities. Ambulatory venous pressure patterns demonstrating an increase in the 
venous hypertension after the superficial veins were obliterated by a tourniquet. 


SUPERFICIAL VENOUS SYSTEM IN THE POSTPHLEBITIC STATE 


In the majority of individuals the ambulatory venous pressure patterns 
were not significantly altered following obstruction of the superficial venous 
channels by one or more tourniquets applied around the lower thigh and leg. 
Nevertheless, in some subjects significant pressure alterations occurred. Studies 
on patient T. P. (Fig. 15), who exhibited a postphlebitic syndrome with moder- 
ately severe superficial varicosities, showed increased venous hypertension 
after application of the tourniquet; this indicates that a significant portion of 
the venous outflow occurred through the saphenous systems. Similar observa- 
tions in patient C. G. (Fig. 16), who was studied 7 months after ligation of the 
superficial femoral vein, indicate an even greater reliance upon the superficial 
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Fig. 16 (Case C. G.).—Superficial femoral vein ligation for phlebothrombosis. Ambula- 
tory venous pressure patterns demonstrating a striking increase in the venous hypertension 
after the superficial veins were obliterated by a tourniquet. 


140 











120 


8 


© 
e) 





CENTIMETERS 
b oO 
o0.)0|CUCOO 


+ START WALRING 
©O STOP WALKING 


ts 








\ i l j = 


O 1 4 4 n \ 
O 20 40 GO 80 100 120 140 160 180 R200 


SECON DS 


Fig. 17 (Case S. O.).—Crushing injury of right leg with fracture followed by persistent 
edema and severe lower leg syndrome with ulceration. Ambulatory venous pressure pattern 
indicates absence of venous hypertension and presence of competent valves in the veins. 
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venous system. These observations suggest that in some persons exhibiting the 
postphlebitie syndrome, or following deep vein ligation, extensive obliteration 
of the saphenous systems would increase the venous pressure. 


OTHER FACTORS IN THE ‘‘LOWER LEG SYNDROME”’ 


It should be re-emphasized that important factors other than venous pres- 
sure operate in the postphlebitic and related syndromes. Patient S. O., a 57- 
year-old white man, suffered a severe crushing injury of the right leg with 
fracture of the tibia 19 years before examination. Edema of the thigh and leg 
was present when the cast was removed. Throughout the intervening years the 
edema had persisted and recurrent dermatitis, pain, induration, and finally 


Fig. 18 (Case S. O.).—Retrograde phlebography confirnis the presence of competent valves 
in the deep veins and demonstrates their normal appearance. (See Fig. 17. 


uleeration of the leg appeared. At the time we saw the patient he had an 
active ulcer and all the characteristies of an advanced lower leg syndrome with 
severe edema of the thigh as well as the leg, which we interpreted as due to a 
posttraumatic postphlebitic syndrome. Surprisingly, all venous pressure read- 
ings in this patient (Fig. 17) were entirely normal. The presence of competent 
valves, and the absence of significant anatomic changes in the veins of the thigh, 
were demonstrated by retrograde phlebography (Fig. 18). This, then, was a 
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patient with an apparently typical severe ‘‘postphlebitic syndrome’’ with no 
demonstrable anatomic or physiologic abnormality of the deep veins. On the 
other hand, in 1 individual in our ‘‘normal’’ series, mentioned previously, a 
rapid and adequate fall in pressure occurred on walking (Fig. 19), but we were 
startled to observe a rapid rise in pressure (10 seconds) when the subject 
stopped walking, an indication of probable valvular insufficiency. As a similar 
rapid pressure rise occurred on retesting with a tourniquet obliterating the 
superficial veins, it was apparent that valvular incompetence of the deep veins 
was present without significant handicap to the subject. He has no edema or 
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Fig. 19.—‘‘Normal” subject. Ambulatcry venous pressure pattern indicates absence of 
venous hypertension, but rapid pressure rise on cessation of walking, even with a tourniquet 
obliterating the superficial veins, indicates incompetence of valves of deep venous system. 





discomfort although sometimes after standing for several hours at the operating 
table a few punctate red areas appear in the skin of the lower part of the leg. 
This record is of further importance because it indicates that in the absence 
of venous obstruction the presence of valvular insufficiency alone does not 
prevent a rapid and considerable (54 per cent) reduction in venous pressure 
on ambulation. It is quite possible that absence of functioning valves in the deep 
venous system in otherwise normal persons is not uncommon. Pollack and 
associates** reported postambulation venous pressure rises as rapid as 8 seconds 
in normal persons. 
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DISCUSSION 


A comparison of the mean venous pressures in the 10 normal subjects, in 
11 patients suffering from postphlebitie sequelae, and 9 individuals studied at 
long intervals following ligation of the deep veins of the leg (Fig. 20) shows 
rapid and extensive fall in venous pressure on ambulation in normal subjects 
as contrasted with slow and restricted fall under similar circumstances in 
patients with deep phlebitis, or those who have had deep vein ligation. The slow 
venous pressure rise on cessation of ambulation in normal persons is again in 
contrast with the rapid rise in the other 2 groups. 
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Fig. 20.—Comparative graph of mean ambulatory venous pressure patterns in 10 normal 
subjects, 11 patients with the postphlebitic syndrome and 9 individuals 6 months to 6 years 
following ligation of a deep vein of the lower extremity. 


The ambulatory venous pressure pattern observed in normal subjects is in 
essential agrcement with other reported studies.** ** 47 The pressure changes 
observed in postphlebitic patients have shown a wider range of behavior than 
in other reports in which a water manometer system has been used.?* 47 The 
present study is believed to be more accurate and sensitive, as large bore ean- 
nulas were used in veins of the foot or lower part of the leg and this permitted 
a sensitive demonstration of pressure changes in the terminal veins of the 
extremity. This method, on the other hand, is not sensitive enough to demon- 
strate a return of venous pressure to, or above, the erect resting level between 
each step as described by Pollack and associates** in their postphlebitie patients, 
when a strain-gauge manometer and recording device were used. However, 
they indicated some difficulty in controlling excessive sensitivity of the system 
and were frankly unable to assess accurately the significance of the contours 
and extremes of the pressure variations recorded during walking. One signifi- 





DECAMP, ET AL. Surgery 


January, 1951 


66 


cant difference between their records and ours which it is possible to analyze 
critically is that they recorded in postphlebitic patients, in every instance on 
cessation of walking, an instantaneous pressure rise to, or above, the resting level. 
In our study only in occasional instances in postphlebitic patients, and more 
commonly following deep vein ligation, was a similar phenomenon observed : 
that is, elevation of the postambulatory pressure to above the resting level in 
less than 3 seconds, which is as rapid as determinations can be made by this 
method. In the majority of postphlebtic patients it required up to 10 to 12 
seconds for the pressure to return to the resting level, and it did not commonly 
rise above that point. As the technical delay of recording pressure changes of 
this magnitude by the present method does not exceed 3 seconds, and any 
excessive rise in pressure would be detected, we are forced to conclude either 
that there has been a significant difference in the selection of cases in the 2 
studies, or that the strain-gauge recording system is indeed too sensitive and 
subject to technical aberrations. As the degree of pressure fall on ambulation 
is roughly comparable in the 2 studies, it would appear that essentially similar 
patients have been studied and, as the Mayo Clinie workers themselves suggest, 
the strain-gauge recording system is apparently subject to excessive deflections. 

Our observations of the immediate effects of deep vein ligation in patients 
with the postphlebitic syndrome confirm previous reports as to the absence of 
any reduction of ambulatory venous hypertension,’® ** ** but, as previously 
remarked, this system, which is more sensitive than the water manometer systems 
using small needles, reveals a pronounced early increase in the venous hyper- 
tension postoperatively. The determinations in individuals made at considerable 
intervals following deep vein ligation, which reveal persistence of slow and 
reduced venous pressure fall on ambulation and persistent rapid pressure rise 
on cessation of exercise, thus indicating persistence of valvular incompetence, 
are, to our knowledge, the only reported observations of this nature. 

These results appear at variance with a number of clinical reports of patients 
treated by these procedures. The reported clinical experience is, however, far 
from eonvineing. Buxton and co-workers* ® reported no improvement in post- 
phlebitie patients without ulceration. Healing of ulcers, or maintenance of heal- 
ing, occurred following ligation of the deep vein, but they themselves suggest 
that these beneficial results might have been due to other therapeutic measures 
used coneurrently. Linton and Hardy*® reported a larger series with apparently 
beneficial clinical results following ligation of the superficial femoral vein and 
extensive removal of the superficial veins of the leg and thigh. This study is 
complicated by the extensive operative procedures on the saphenous veins which 
Linton and associates considered essential to satisfactory results.*° *’ Incident- 
ally, he reported a consistent, considerable, immediate rise in the recumbent 
pressure in the femoral vein distal to the point of ligation. Bauer‘ reported a 
large series of striking clinical results following ligation of the popliteal vein 
and conservative supportive therapy. He described a “‘bursting’’ pain in an 
inordinately large number of his patients, with immediate relief of this pain fol- 
lowing venous ligation. He attributed the pain to ambulatory venous hyper- 
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tension and the relief immediately following venous ligation to a reduction of 
this tension. As our studies have indicated that venous hypertension increases 
following deep vein ligation, some other explanation for the relief of pain must 
be sought. Frequently pain associated with the lower leg syndrome may be 
relieved by mechanical or chemical division of the sympathetic nerve supply. 
It is possible that the venous section and para-arterial dissection associated with 
Bauer’s popliteal operation may effect a partial sympathectomy. Other reported 
series usually include such a multiplicity of therapeutic procedures that inter- 
pretation of the results is diffieult.17 4° Unfavorable reports have been re- 
corded.'® 7% 3% 3° Glasser,'? though apparently endorsing the procedure, reported 
recurrence of ulceration in 11 of 36 individuals after deep vein ligation. It 
must be borne in mind that the postphlebitie state is a chronic condition, the 
diseomforts are often vague, and the desire to improve powerful. A number of 
older reports indicate excellent long-term results from more conservative thera- 
peutic procedures.*® °° Clinical results following radical procedures must be 
critically appraised. A number of our patients voluntarily declared complete 
relief of all symptoms following venous pressure determinations alone! 

It is interesting to speculate how the rationale for deep vein ligation may 
have developed. It obviously parallels the thinking and experience associated 
with interruption of the superficial veins of the leg. The value of ligation of 
the saphenous veins in the presence of valvular incompetence and varicosities 
is firmly established. There is a ready temptation to assume similar benefits 
following ligation of similarly diseased deep veins. It must not be forgotten, 
however, that, in the absence of disease of the deep veins, following ligation 
of the saphenous vein, the major venous channel of the leg remains and ean 
funetion readily within the musculofascial compartment. On the other 
hand, obliteration of the main deep venous channel in an individual in whom 
the remaining channels are relatively small or superficial may well result 
in further constriction of a limited venous outflow. Venous ligation for valvular 
insufficiency can reduce ambulatory venous hypertension only if adequate aux- 
iliary venous channels remain, or will develop, in which competent valves are 
present. It is indeed difficult to conceive that auxiliary channels could enlarge 
to carry the total venous return, and vet retain a competent valvular system. 
The evidence of this study strengthens this doubt. 

We have the distinct impression from clinical observations, and this is 
abundantly confirmed in the recorded literature,'® ?* * °° that factors other 
than venous hypertension are of importance in chronic conditions of the lower 
part of the leg and even in the postphlebitie syndrome. The evidence in this 
study that advanced ‘‘lower leg syndromes’’ may be present in the absence of 
significant venous disease, and that venous hypertension and the elinical state 
are frequently not closely correlated, is of significance. It is suggested that 
further anatomic and functional venous studies be made in such conditions. 
It is desirable that studies similar to these be carried out in centers where large 
numbers of ligations of deep veins are being performed for postphlebitice states 
in order to extend the admittedly limited experience reported here. 
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The method described is sufficiently simple that it may be performed by a 
team of 2 individuals after a brief period of orientation. It should prove a 
useful experimental method to correlate clinical syndromes with the functional 
state of the venous system. In eases in which clinical interpretation is difficult 
it ean be used to distinguish chronic phlebitic conditions from other lesions. 


SUMMARY AND CONCLUSIONS 


1. A simple, accurate method is described by which the venous pressure 
of the lower leg may be measured in the recumbent, erect, and ambulatory person. 

2. A sharp and sustained reduction in venous pressure was observed in 
10 normal ambulatory subjects. On cessation of ambulation the pressure 
returned slowly to the resting level. 

3. In 11 patients with postphlebitic sequelae a significantly slower and less 
extensive reduction of venous pressure was observed on ambulation, with a rapid 
rise to the resting level on cessation of walking. In 4 additional postphlebitic 
patients a much more severe degree of ambulatory venous hypertension was 
observed closely resembling the pressure pattern following inferior vena caval 
ligation. 

4. In 2 patients with the postphlebitic svndrome, studies made before and 
after ligation of the superficial femoral or popliteal vein demonstrated a sharp 
increase in the ambulatory venous hypertension. 

5. Studies in 9 individuals 6 months to 6 vears after ligation of a deep vein 
of the leg revealed persistent ambulatory venous hypertension with no evidence 
of valvular competence. 

6. Anatomie and physiologic evidence is presented to indicate that clinical 
states closely resembling the postphlebitic syndrome can occur in the absence 
of demonstrable venous lesions and that valvular incompetence of the deep venous 
system occurs in apparently normal persons. 

7. Ligation of deep veins of the leg for chronic lower leg conditions must 
be considered an experimental procedure. Al] reported evidence to date in- 
dicates that it has an adverse effect upon the venous hypertension in the leg. 
If the procedure is to be performed on an experimental basis, ambulatory venous 
pressure studies are indicated to assist clinical evaluation of the results. It 
is also imperative that it be done as an isolated procedure in the therapeutic 
regime in order that its clinical effect may be accurately evaluated. 

8. We are foreed to reverse our previous opinion and conclude that deep 
vein ligation for chronie conditions of the lower leg is, on the basis of present 
evidence, not indicated except to prevent recurrence of embolic phenomena. 
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TREATMENT OF VARICOSE VEINS WITH A FLEXIBLE STRIPPER 
Epwarp C. Emerson, M.D., ANp JOHN J. MuLLeR, M.D., MINNEAPOLIS, MINN. 


(From the Department of Surgery, University of Minnesota Hospitals ) 


EIN stripping as a method of treatment of varicose veins has been employed 

by various operators since first described by Keller’ in 1905, Other surgical 
procedures for the treatment of varicose veins date back to the time of Hippocra- 
tes and included such methods as multiple puncture, incisions, cauterization, 
percutaneous ligations, injections of various solutions, and application of various 
supports, elastic bandaging, and Unna paste boots. 

Trendelenburg? of Bonn, in 1890, described in a monograph the causative 
factors in varicose veins, varicose ulcers, and stasis dermatitis. His test for 
competency of the saphenofemoral valve is still the basic test used in most elinies. 
A complete excision of the internal saphenous vein along with the varicosities 
present was described by Madelung* in 1884. This, along with the cireular in- 
cision method of Schede* brought out in 1877, represented early effective eradica- 
tion of varicosities. 

Another radical procedure with excision of the internal saphenous vein was 
used by Rindfleisch and Friedel.’ This employed an incision carried to the deep 
fascia, excising the internal saphenous vein to the knee, then a spiral incision 
made around the lower leg from the knee to the foot. (One of us, E. C. E., re- 
members assisting older surgeons with this operation in the early 1920’s. ) 

These radical procedures, though adequate, were accompanied by a high 
incidence of pulmonary embolism. This was due in part to the enforced bed 
rest of two to four weeks, and the use of Fowler’s position to ‘‘rest the limbs’’ 
rather than supportive bandaging and early ambulation as now practiced. 

The first stripping operation was reported by Keller in 1905. He intro- 
duced a wire upward through the saphenous vein, securing the upper end of 
the vessel to the wire. The instrument was then withdrawn, invaginating the 
vein, and breaking the tributaries en route. This was later modified to add 
percutaneous ligations to the stripping. Charles H. Mayo,*® in 1906, was the 
second person to describe stripping. The Mayo stripper consisted of a rigid long 
rod with a ring attached to the end. This ring enucleator was placed outside 
the vein and stripping performed to a point where a tributary or communicating 
vein was encountered. At this point the vein was brought out through a small 
incision, the tributaries divided and ligated, and further stripping done after 
re-threading the vein through the stripper. In 1907, Babcock’ modified Keller’s 
instrument by adding an acorn tip guide to the end of the wire. This was passed 
down the lumen and the vein divided and tied through an incision below. The 
proximal segment attached to the acorn was stripped as the instrument was 
withdrawn. In 1916 Homans* advocated high ligation of the internal saphenous 
vein with all its tributaries and the complete eradication by stripping. His 
reported results were excellent. 
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In our section of the country, the Midwest, a great impetus has been given 
to the injection type of treatment of varicose veins. One of the chief arguments 
for it is its safety, another its ambulant form of treatment.’ There is serious 
doubt that these assumptions are valid. Reports of pulmonary emboli after in- 
jection of varicose veins are in the literature’ 1! !*) 1% 14; also, the treatment, 
though ambulant, is sometimes disabling and seemingly never ending. 

At the University Hospital and Vascular Clinie there have been no fatalities 
following injection of the veins over the years when it was extensively used as a 
method of treatment, yet many severe reactions followed in some patients. These 
varied from urticaria to severe anaphylactic shock with edema of the larynx. 
There have been many eases, too, with severe local chemical thrombophlebitis. 
At times this has progressed to involve the deep veins as well as the superficial 
varicosities which were the prime object of the treatment. A number of these 
cases were necessarily hospitalized. A number of wound ‘‘break downs’’ can 
also be attributed to chemical action on the tissues by sclerosing solutions. 
Lymph leakage—or lymphorrhea—may result from necrosis of lymph vessels 
in the operative area. This is a very troublesome complication which is ac- 
companied by swelling and cyst formation; the drainage persists for months to 
a year in many eases. Fishback'’ reported a number of these cases as a com- 
plication of saphenous vein ligation. 

We have recently seen a young woman in the Vascular Clinic who suffered 
an amputation below the knee as a direct result of injection of a sclerosing agent 
at the time of high saphenous ligation (the operations being done elsewhere). 

It also became apparent to us who conducted the Vascular Clinie that we 
were seeing many of the same patients vear after year. It seemed a futile gesture 
to inject these new varicosities without doing more to remove their basic cause— 
new incompetent valves between the deep veins and portions of the superficial 
saphenous system. Accordingly, in 1947, retrograde injection was abandoned 
in favor of multiple ligations of perforators in addition to high ligation at the 
fossa ovalis. It soon became obvious that this method also had a recurrence inci- 
dence of about 30 per cent. Therefore, stripping was adopted as a method offer- 
ing the best chance of permanent cure with minimum number of visits to the 
clinic. 

One of the problems in using the Babcock stripper has been getting around 
the curves of the tortuous varicosities, and another has been in introducing the 
intraluminal olive-tipped rod in partially thrombosed veins, and in those that 
have been recanalized. 

The Mayo stripper has caused technical difficulty when the vein tears or 
breaks in mid-thigh or calf. It has often been time consuming to find and re- 
thread the distal segment of vein. 

The illustrated stripper (Fig. 1) was developed by one of us to overcome 
these difficulties. It consists of a flexible cable with a cone-shaped flange on 
either end. This in turn is threaded for a short, woven silk bougie. Strength is 
given to the eable by several wires being placed in the lumen and brazed to 
either end. 
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One end is larger than the other, adapting it for the upper segment of the 
saphenous vein; the smaller cone is tipped for the varicosities in the leg. The 
instrument is threaded into the saphenous vein at the time of high ligation. It 
runs quickly and easily to the knee, where it is picked up through a small trans- 
verse incision and the vein brought out and divided. The vein is then firmly 
tied to the flange and removed by stripping upward (with forceps on the distal 
cut end). One or more incisions are made in the leg and the instrument directed 
upward to emerge at the point of origin of severance. Here it is similarly tied 
and stripped downward. Smaller tributaries may then be identified and the 


stripper introduced into the main channel, instituting the same maneuver. 











Fig. 2.—Revised stripper with short (3 cm.) tip. 


Bleeding is controlled by the application of elastoplast bandages from the toes 
to the groin in all but very obese patients. In the latter the bandage is carried 
to the knee and the vein’s course on the inner side of the thigh (Hunter’s canal) 
dressed with individual strips placed one-half way around the thigh over a roll 
of gauze to make a pressure dressing (Fig. 3). It has been our policy to defer 
vein stripping in the very obese patient until the patient’s weight has been 
brought down below 200 pounds in most eases. Details of the operation are as 


follows: 
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A high saphenous ligation is done at the saphenofemoral junction. using 000 
The proximal end of 


silk sutures, with division and ligation of all tributaries. 
the saphenous vein is freed and left long, being held with a forceps (Fig. 3, b). 


The flexible stripper is introduced into the vein from the groin incision, or 
it may be directed upward from the knee or leg if the instrument enters tribu- 


taries when introduced from above (Fig. 3, a). 
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after stripping. 


Stripper threaded through saphenous vein; b, 
reefed on stripper 


Fig. 3.—a«a, 
elastic dressing; d, vein 
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The saphenous vein is next picked up on the medial side of the knee or ankle 
through a small transverse incision (Fig. 3, a). All tributaries that ean be 
reached through this incision are divided and ligated. 

When the ends of the instrument project from the cut end of the vein being 
stripped, one end is firmly secured by a number of ties spaced 14 em. apart 
immediately behind the cone (Fig. 3, d). If a single tie is placed on the vein, it 
will invaginate or turn inside out as it is being stripped down the leg. The vein 


is stripped by traction in a jerking manner; the instrument is strong enough to 
The vein should 


withstand any degree of pull necessary to break tributaries. 
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reef up on the shaft of the stripper to prevent its breaking in removal. If the 
vein inverts over the cone tip, it occasionally breaks. Should the vein break, 
the stripper is then introduced into the remaining end, and brought out through 
the same incision above and stripped in the opposite direction. 

Bleeding from torn tributaries is controlled by immediate firm manual 
pressure of the operator or assistant along the course of the vein. After suturing 
the wound, a firm elastic dressing is applied from the toes to the groin (Fig. 3, ¢). 
When elastoplast is used, the toes are inspected after one or two hours to cheek 
on the condition of the circulation. 

The patient becomes ambulant immediately when local anesthesia is em- 
ployed, and as soon as the anesthetic has worn off in cases of saddle-block anes- 
thesia. (Pontoecaine dextrose saddle-block anesthesia often does not impair 
motor function yet gives adequate anesthesia to the legs. ) 

Oceasionally, our preoperative tests indicate an incompetent perforating 
vein of large caliber in the thigh, usually above the knee, and at times in the 
lower leg. These points are marked prior to surgery and the division of the 
perforator done through a separate incision while stripping out the greater 
saphenous vein. The same procedure is carried out in removing the lesser 
saphenous vein. 

Sherman’® spoke of ‘‘Q”’ veins, those coursing beneath the deep fascia, as 
being an important factor in producing and maintaining varicose or stasis 
ulcers. In our experience after stripping, the uleers when healed do not recur, 
or if unhealed promptly heal. The one exception is in case of ulcer associated 
with both varicosities and arterial insufficiency. In some of these patients one 
does not see visible dilated superficial veins, however; the ulcer has the appear- 
ance of and behaves like a stasis ulcer. 

A Schede procedure is curative in most cases. Oceasionally a skin graft is 
necessary. This consists of an incision above and below the ulcer through the 
deep fascia. The underlying veins are then completely dissected out and ligated 
as they enter the muscles of the leg. Muscle biopsies in these cases show an 
ischemia with small areas of aseptic necrosis at times. This explains failure of 
support of the communicating or perforating veins leading to development of 
incompetence. In no other instances have we found incompetence in a vein, or 
in a chain of veins, beneath the deep fascia. This does not refer to incompetent 
perforators which may oceur anywhere, often showing up after high saphenous 
ligation when not accompanied by stripping. 

CONCLUSION 

At the University of Minnesota Clinic 104 stripping operations in ninety 
patients have been done by twenty operators. During the last vear the flexible 
stripper has been used almost exclusively in preference to the malleable Babcock 
stripper. Thirty-six cases with severe varicosities have been operated upon as 
inpatients and discharged on the first or second postoperative day. All the 
others have been done with local procaine anesthesia in the outpatient operating 
room and the patient has returned home the same day. No complications have 
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occurred which could be attributed to ambulatory treatment. Our early results 
have been very satisfactory. Injection of veins has been abandoned as dangerous 
and ineffective. A newly designed flexible stripper offers advantages over the 
older rigid instruments. 
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A TECHNIQUE FOR PRODUCING PULMONARY ARTERY STENOSIS 


C. A. HurnaGeE., M.D.,* B. B. Ror, M.D.,¢ AND 
A. C. Barcer, M.D.,t Boston, Mass. 


(From the Surgical Research Laboratory, the Department of Physiology, Harvard Medical 
Schooi, and the Surgical Service of the Peter Bent Brigham Hospital) 


XPERIMENTAL production of cardiac lesions has long been of interest to 

physiologists in the investigation of cardiac dynamics, and more recently 
to surgeons in studying operative techniques for the cure of acquired and con- 
genital defects. It is the purpose of this paper to report the development of a 
successful surgical procedure for producing stenosis of the pulmonary artery. 

As early as 1916, Reid’ succeeded in producing partial pulmonic occlusion 
with a metal band in a dog which survived over 30 months. Moderate erosion 
of the vessel was found at autopsy. Holman and Beck,’ using a similar method 
in a series of dogs, found frequent erosion of the vessel wall by both tape and 
metal bands, though their survival rate is not reported. Holman* produced 
progressive stenosis in growing dogs by placing loose bands and ligatures around 
the pulmonary arteries of young puppies. This method was also successful but 
was still associated with a high mortality. Gerbode and Selzer‘ used strips of 
preserved fascia lata sutured in a figure-of-eight around pulmonary arteries and 
aortas; their mortality rate is not reported and the dogs were sacrificed within 
3 weeks of operation. 

The degree of pulmonic stenosis reported by most authors did not exceed 
50 per cent of the normal diameter (that is, 75 per cent of the cross-sectional 
area), and Holman* reported that a greater occlusion was invariably fatal. In 
acute experiments Gibbon and associates’ found that systemic blood pressure 
did not decline until 61 to 86 per cent of the cross-sectional area was reduced 
and that all animals died if occlusion exceeded 84 to 96 per cent. Fineberg and 
Wiggers,® using more sensitive recording devices, detected a reduction in aortic 
pressure with a stenosis of 41 to 72 per cent of cross-sectional area. 

The present paper reports a method used in 23 dogs with only 1 technical 
failure. 

Operations were performed on large mongrel dogs weighing 15 to 26 kg., 
under sodium pentobarbital anesthesia and positive pressure controlled respira- 
tion. The left thorax was opened through the fourth interspace, which provided 
adequate exposure without rib resection. The pericardium was opened parallel 
to the phrenic nerve and retracted to expose the pulmonary artery which in 
these dogs averaged about 2.5 em. in length and 1.5 em. in diameter. It was 


necessary to isolate the pulmonary artery along its full length from valve ring to 


The expenses of this investigation were defrayed in part by a grant from the Life 
Insurance Medical Research Fund. 
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bifureation in order to estimate the degree of stenosis when clamps were placed 
on the vessel. This dissection is usually remarkably dry if carried in the proper 
plane but the extreme thinness of the pulmonary artery requires caution, par- 
ticularly posteriorly and inferiorly. Sharp dissection under direct vision is 
recommended. When the artery was adequately exposed a curved clamp was 
applied to the superior aspect of the vessel and slowly closed to produce a fusi- 
form narrowing of the lumen. The cephalic aspect was chosen for clamping to 
prevent accidental occlusion of the left main branch. After placing the clamp, 
the degree of occlusion was estimated and any necessary adjustments were made 
to obtain the desired obstruction. A continuous mattress suture was then placed 
along the inside of the clamp using 00000 silk on an atraumatie needle. The 





Fig. 1.—Drawing or stenosed pulmonary artery with clamp still in place. 


clamp was then removed and the occluded segment was incised to detect leakage 
along the suture line. Bleeding points were closed with interrupted mattress 
sutures and the fusiform segment excised, leaving a cuff of 1 to 2 mm. from the 
suture line. 

The nature of the clamp used proved to be of great importanee. It was 
necesary to have reliable traction without crushing the vessel wall. The jaws 
of the clamp had to be narrow because the extent of occlusion during operation 
exceeds the final occlusion by the amount of vessel wall held by the clamp. 
When high degrees of stenosis were desired this temporarily-added occlusion 
sometimes embarrassed cardiae function acutely during the procedure. In the 
development of the technique and in the first series (A) 2 small right angle 
clamps were used by one of us (C. A. H.). A special clamp (Fig. 2) was later 
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developed (by B. B. R.) for use in the second series. Its thinner blades were 
shaped into a complete loop for stability and the pressure of closure could be 
adjusted with a thumbscrew. 

Of 24 dogs operated upon there was 1 death from hemorrhage at operation. 
The remaining 23 (Table I) were classified as technically successful since they 
survived the procedure and did not die as the result of surgical failure. 

Five dogs died in the early postoperative period (24 to 72 hours) after 
recovering consciousness and appearing clinically well. Death was rapid and 
unobserved but post-mortem findings of distended right hearts and vena cavae 
suggested acute cardiac failure as the cause. Operative suture lines indicated 
no evidence of thrombosis, leakage, or secondary hemorrhage. In all of these 
animals a large occlusion (60 to 80 per cent) had been attempted. The 18 
surviving dogs lived 114 to 6 months, at which time they either were sacrificed 
or died during exhaustive exercise on a treadmill. 





Fig. 2.—Photographs of instrument used in series B. 


All dogs were autopsied to determine the state of the heart and to re-ex- 
amine the operative site. In each case myocardial hypertrophy was demon- 
strated and the right ventricular wall was measurably thickened (See Table I) 
except for cases 15 and 16, where ventricular dilatation obscured the hypertrophy. 

Five of the dogs listed under part B (Table I) had additional valvular 
lesions as indicated, either preceding or following the pulmonie stenosis, so that 
their post-mortem findings do not represent the results of pure stenosis. 

Pulmonary arteries were all well healed without evidence of thrombosis or 
vessel wall defect, and in general the diameter did not appear to have changed 
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TABLE I. RESULTS OF PULMONARY ARTERY STENOSIS 











PERCENT- | 
AGE OF THICKNESS OF 
DOG DIAMETER|} SURVIVAL RIGHT VENTRICULAR 
NUMBER | OCCLUDED TIME CAUSE OF DEATH WALL (MM.) 
Part A 
1. 50-60 3 mo. Sacrificed 7 
2. 50-60 4 mo. Sacrificed 10 
3. 60-70 4 mo. Sacrificed 8 
4. 40-50 3% mo. Sacrificed 7 
5. 60-70 6 mo. Sacrificed 12 
6. 50-60 3% mo. Sacrificed 9 
‘FP 60-70 2% mo. Sacrificed ij 
8. 70-80 1 day Acute cor pulmonale? 3 
arrhythmia? 
9. 60-70 6 mo. Sacrificed 1] 
10. 60-70 3 mo. Sacrificed 10 
23. 50-60 3% mo. Sacrificed 7 
12. 50-60 5 mo. Sacrificed 9 
13 80-85 1 day Acute cor pulmonale? 5 
arrhythmia? 
14. 60-70 4% mo. Sacrificed 10 
Part B 
13." 50-60 2% mo. Sacrificed 4 (Marked dilatation) 
16.* 50-60 2% mo. Sacrificed ) (Marked dilatation ) 
is Py 40-50 1% mo. Sacrificed 12 
18.t 20-30 5% mo. Death during exhausting 10 
exercise; arrhythmia? 
19. 40-50 6 mo. Sacrificed 10 
20. 50-60 6 mo. Death during exhausting 8 
exercise; arrhythmia? 
21. 75-85 3 days Acute cor pulmonale? 3 (Marked dilatation ) 
arrhythmia? 
22. 60-70 1 day Acute cor pulmonale? 3 (Marked dilatation ) 
arrhythmia? 
23. 50-60 1 day Acute cor pulmonale? 4 (Marked dilatation ) 


arrhythmia? 





*Tricuspid valve avulsion performed some weeks prior to pulmonic stenosis. 
+Pulmonic valve avulsion performed at a second operation. 


since operation. No really satisfactory method of measuring the amount of 
occlusion was devised. Attempts with calipers and circumferential measurement 
at operation were unsatisfactory due to technical limitations and the vigorous 
pulsation. Post-mortem estimates were fairly satisfactory but the longitudinal 
extent of the operative defect usually left no normal artery on which to base the 
control diameter. The percentages of occlusion listed in Table I represent the 
‘atios of cross-sectional diameter of the lumen at the stenosed portion to that 
just beyond the pulmonic valve ring. These measurements were made on 
formalin-fixed hearts and probably are no more accurate than estimates at 
operation. 

In connection with evaluating the stenosis, it is of interest that cardiac 
eatheterizations were done in 4 of these animals to observe the pressure gradient 
across the stenosis; a significant drop in pulmonary artery pressure was observed 
in all cases (data to be published) .’ 


DISCUSSION 


Previously described techniques for producing stenosis of great vessels have 
apparently met with limited suecess and a significant mortality. Results with 
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Number | 


dogs given pulmonic stenosis by the operative method here described have led 
us to believe that this method of partial occlusion is technically safe and can be 
applied to the aorta and other great vessels (as it has by one of us, C. A. H.). 
The complication of vessel wall erosion encountered by earlier authors" * * has 
been avoided by the absence of external constriction; also the fusiform shape 
and elastic character of the stenosis probably contribute to its success. 


SUMMARY 


A technique for producing pulmonary artery stenosis in dogs is described. 
Kind results noted at autopsy and the estimation of occlusion are discussed. 
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IMPRESSIONS CONCERNING THE PUTTI-PLATT RECONSTRUCTION 
OPERATION FOR RECURRENT SHOULDER DISLOCATION 
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(From the Orthopedic Section, Tripler General Hospital, Honolulu, T. H.) 


T HAS been stated that over 200 operative procedures have been described 
for the surgical correction of recurrent or habitual dislocation of the shoulder. 
There have been continued attempts to devise an operation which will combine 
simplicity with effectiveness and reduce the high percentage of recurrences which 
have attended most of the older procedures. This study deals with experiences 
in an Army General Hospital between July 1, 1948, and Jan. 1, 1950. During 
this 18 month period, 39 patients with recurrent dislocation of the shoulder were 
examined and 20 were operated upon because of attendant disability. All of 
these operations followed the technique used independently for many years by 
Putti and Platt and described in detail by Osmond-Clarke in 1948. 


HISTORICAL 


Reference to recurrent shoulder dislocation is made in the writings of 
Hippocrates and the recommended treatment was the application of a hot iron 
to the axilla in order to produce scarring and fibrosis. The earlier orthopedic 
surgeons devised mechanical apparatus in an attempt to prevent repeated 
dislocations. In the latter part of the nineteenth century surgical excision of 
the humeral head was. performed for recurrent dislocation and it was at this 
time that posterior bony defects in the heads were noted and reported. Loébker 
noted such defects on post-mortem examination. Flower, in museum specimens, 
observed rupture of the tendinous insertions into the greater tuberosity, frac- 
ture of the greater tuberosity, and a groove or excavation in the posterior por- 
tion of the head of the humerus. These defects were considered to be factors 
in the etiology of the recurrent dislocation. The earlier operative procedures 
included arthrodesis of the shoulder, deepening of the glenoid fossa, and 
myotomy of the pectoralis major and latissimus dorsi muscles. 


ANATOMIC CONSIDERATIONS 


It is recognized that the shoulder joint is a structurally weak apparatus with 
a lax capsule and an inadequate glenoid cup. Furthermore it has been noted 
that anomalies of bony structure of the glenoid and possibly the humeral head 
predispose to dislocation and make this joint the most vulnerable one to this 
type of injury. These anatomic facts have suggested that the stability of the 
shoulder joint is probably dependent upon the adequacy of the surrounding 
muscular structures. If these structures lack balanee or if there is either 
inadequacy of the subscapularis or external rotator muscles on the one hand or 
contracture or spasticity of the adductor muscles on the other, repeated dis- 
location of the joint may easily occur. Most of the earlier observers considered 
the laxity of the capsule to be the important predisposing factor. Many of the 
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French authors blamed anatomic congenital defects. The ease for muscular 
inadequacy chiefly on the part of the subscapularis muscle has been emphasized 
by Sever and more recently by Magnuson and Stack. The weak anterior support 
of the glenoid labrum by the loosely attached capsular and ligamentous struc- 
tures has been noted by Bankart and by Bost and Inman as an important factor 
in the separation of the anterior labrum which is so frequently seen in recurrent 
dislocations. 
ETIOLOGY AND MECHANICS 


It is the opinion of most observers that recurrent shoulder dislocation is the 
result of the injury sustained in an original acute traumatic dislocation. They 
feel that there is subsequent inadequate repair of capsular tears, probably due 
to insufficient immobilization. It is believed that following a severe abduction 
and external rotation foree the head of the humerus is levered out of the 
glenoid anteriorly and inferiorly between the subseapularis musele and the 
head of the triceps. During this displacement, or as the posterior portion of 
the head rests on the edge of the glenoid, compression of the head oceurs with 
subsequent flattening or grooving which makes the head still more anatomically 
unstable. Furthermore, with inadequate healing of a capsular tear, this strue- 
ture becomes even more lax and is less capable of supporting the humeral head. 
The original theory of recurrent dislocation through a capsular tevr has been 
supplanted by the idea of a displacement within the distended weak capsule 
without any extra-articular herniation of the head of the humerus. 

Many French observers feel that the bony defects noted in the humeral 
heads are congenital and not secondary to a traumatic dislocation. They believe 
that these defects are the predisposing cause and not the effect of recurrent 
dislocation. This theory is supported by the familial tendency of the condition 
and the fact that many cases are bilateral and are not accompanied even at the 
original occurrence by trauma severe enough to produce the ordinary type of 
joint dislocation. The case for muscular insufficiency of the shoulder girdle as 
the underlying factor in the condition is based on the anatomic bony and 
capsular inadequacy and by the fact that many cases are noted during epileptic 
seizures when normal muscle balanee has been disturbed. It has also been 
pointed out that in patients with paralyzed shoulder muscles or when traction 
applied for an extended period to the shoulder has lessened the tone of the 
supportive muscular structures, roentgenograms often record a subluxation of 
the humeral head. 

Bankart has insisted that recurrent dislocation of the shoulder has no 
relation whatsoever to acute traumatic dislocation. He believes that the 
ordinary dislocation is always followed by complete healing of the associated 
capsular tear, that subsequent dislocation does not occur except through an 
additional severe injury, and that the syndrome of recurrent dislocation by the 
minimal trauma of a simple shoulder movement does not result. His concept 
of the etiology of recurrent dislocation is a separation of the anterior glenoid 
labrum from its bony attachment by an anterior propulsion of the head of the 
humerus, either as the result of a direct blow from behind or a posterior thrust 
against the elbow with the latter close to the side and somewhat behind the 
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plane of the body. Since the glenoid labrum is fibrocartilaginous, there is no 
tendency for this structure to reattach to the bone, and the resultant separation 
of labrum and its attached capsule from the glenoid edge and the scapular 
neck produces further capsular inadequacy and habitual dislocation of the 
head of the humerus without any tear in the capsule itself. 


PATHOLOGIC CHANGES 


The various pathologie changes noted in reported eases of recurrent shoulder 
dislocation are represented in Table I. These changes involve the capsule, the 
glenoid cavity, the glenoid labrum, the humeral head, and the surrounding 
shoulder muscle girdle. The reported pathologie changes are thought by some 
writers to be on a congenital basis, whereas the same findings are interpreted by 
others to be the result of trauma. Some of the lesions noted are undoubtedly 
secondary to the repeated joint dislocations and the wide variety of pathologic 
changes described by different observers reflects the diversity of opinion con- 
cerning the mechanism of the recurrences and the significance of the operative 
findings. The same confusion and lack of agreement are exemplified in the variety 
of procedures which have been introduced in the treatment of the condition. 


TABLE I. PATHOLOGIC CHANGES REPORTED IN RECURRENT SHOULDER DISLOCATION 








Capsular 
Congenital weakness and distention 
Tears near glenoid and neck of humerus 
Distention and pocketing due to inadequate healing 
Stripping from neck of scapula 
Enlarged opening into subscapular bursa 
Loose body formation 


Glenoid Labrum 
Congenital defect 
Degeneration due to trauma 
Partial separation from anterior glenoid rim 
Complete separation from enterior glenoid rim 


Glenoid Fossa 
Congenital defect of anterior rim 
Roughening of anterior rim 
Rounding and eburnation of rim 
Degeneration of articular cartilage 
Periosteal proliferation near glenoid edge 


Head of Humerus 
Congenital defect posteriorly 
Posterior groove or flattening due to trauma 
Hatchet-head deformity, congenital or traumatic 
Degeneration of articular cartilage 


Musele Girdle 
Congenital insufficiency of subscapularis 
Tear in musculotendinous rotator cuff 
Partial tear of subscapularis 
Contracture of pectoralis major, teres major, and 
latissimus dorsi 





CLINICAL FINDINGS 


Recurrent dislocation of the shoulder is not an uncommon lesion but its 
incidence seems to be most frequent in young athletic males and in epilepties. 
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While some observers insist that an initial severe trauma is noted in all eases, 
others report that all the dislocations, from the very beginning, may be due to 
some ordinary shoulder motion, chiefly in abduction and rotation, such as in 
swimming, painting, or reaching overhead for an object. Following the initial 
dislocation the condition recurs at varying intervals and without the trauma 
required to produce an ordinary acute shoulder dislocation. In some cases the 
dislocations become progressively easier of production and easier to reduce, 
whereas in others the ease of production continues but restitution of the head 
of the humerus into the glenoid becomes increasingly difficult. This syndrome of 
habitual subluxation or dislocation must be carefully differentiated from re- 
peated acute dislocation due to severe trauma. The latter rarely recurs more 
than 2 or 3 times in any case, whereas it is not unusual for the patient with 
habitual dislocation to report 25 to 50 such incidents. Recurrent dislocation may 
be self-reducible from the beginning. Some patients must have professional 
treatment for reduction on the original occasion and then can manage by them- 
selves. There are very few cases in which the reduction is never accomplished 
spontaneously or by the patient’s own manipulation. Other than the history of 
repeated subluxation spontaneously or with minimal trauma, there is little to be 
obtained from questioning or examining the patient. Pain may be present 
during the episodes of dislocation but after the first 2 or 3 occasions it is not 
severe and the subsequent disability is minimal. The patients request correction 
of the condition because of apprehension and embarrassment. They are fearful 
that the shoulder will dislocate at some inopportune moment and they dread the 
brief discomfort that attends the recurrent displacement. They must limit their 
activities and avoid movements which they know may produce the dislocation. 
Swimming, contact athletics, and the art of self-defense are limited by the 
potential shoulder joint weakness. There does not seem to be any definite 
preference as to side of the lesion and this point receives no special mention in 
the literature. 

Physical examination of such an individual reveals no significant abnormal- 
ity. Shoulder joint motion is not limited although the patient often restricts 
such motion voluntarily because of fear of dislocation. Some patients can 
voluntarily produce a subluxation but they hesitate to do it because of attendant 
discomfort. There is ordinarily no shoulder girdle weakness or atrophy. There 
is no evidence of contracture or muscle insufficiency. Ordinary x-ray examina- 
tion with the shoulder in the midposition or in external rotation gives negative 
results in most cases. However, as early as 1906, Perthes, and later Schultz, 
described roentgenographie changes in the head of the humerus in eases of 
recurrent dislocation. These changes, thought to be due to trauma associated 
with the original dislocation, have been emphasized more recently by Hill and 
Sachs. The necessity for using the position of internal rotation and a tangential 
view with the tube lateral to the patient’s elbow was reported by the latter 
observers. A variety of roentgenographic changes consisting of flattening of 
the head, grooving of the head, a vertical sclerotic line at the edge of the groove 
due to compression, cystic changes in the head, lipping of the glenoid rim, and 
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loose body formation have been described in a high percentage of cases provided 
the proper technique is used. Fig. 1 represents a typical posterior head defect 
noted on the anteroposterior and lateral films with the shoulder in internal 
rotation. 
TYPES OF OPERATIVE PROCEDURE 

The various methods of operative correction are shown in Table II. There 
have been innumerable modifications of each basic procedure and the proponents 
of each operation claim a large percentage of excellent results. This enthusiasm, 
however, is not shared by others who have followed the same methods. Capsular 
plication, subscapularis shortening, check ligaments to the humeral head, anterior 
bone blocks, and reattachment of the glenoid labrum have all had their 





a. b. 


Fig. 1.—Roentgenograms showing marked defect in posterior head of the humerus in 
recurrent dislocation of shoulder. a, anteroposterior view with shoulder in 60° of internal rota- 
tion, and b, lateral view in same degree of rotation and with tube in axilla. 


advocates. Gray noted archly that ‘‘Nearly all the operations described in the 
literature give very good results,’’ and Watson-Jones suggested that any 
operation traumatie and bloody enough through an anterior approach will 
prevent recurrence. The Bankart suture of the glenoid labrum, so popular in 
recent years, has apparently been highly satisfactory, but in some eases there is 
no glenoid labrum separation present at operation and in others there is an 
associated bony, capsular, or muscular deficiency as the underlying cause of the 
instability of the joint. Furthermore, this operation is often technically difficult, 
especially in the absence of special apparatus and in the hands of the less 
ingenious. The Putti-Platt procedure combines technical simplicity with the 
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TABLE II. METHODS OF OPERATIVE RECONSTRUCTION 








Capsular Repair and Plication 
Ricord 
Burrell and Lovett 
Thomas 
MacAusland 


Muscle, Fascia and Tendon Checks 
Clairmont and Ehrlich 
Hey-Groves 
Gallie 
Carrell 
Joseph 
Henderson 
Heymanowitsch 
Nicola 


Anterior Bone Block 
Eden 
Hybinette 
Speed 
Oudard 


Reattachment of Glenoid Labrum 
Bankart 


Subscapularis Plication or Advancement 
Sever 
Cotton and Morrison 
Magnuson and Stack 


Combination Plication and Glenoid Reinforcement 
Putti 

Platt 

Osmond-Clarke 





added feature of limitation of external rotation. Scar tissue is formed at the 
anterior glenoid rim as a bar to anterior protrusion of the head and the limita- 
tion of rotation prevents the slipping of a flattened or defective humeral head 
over the glenoid margin. In short, regardless of the underlying cause of the 
condition or the pathologie changes which are present, the procedure is successful 
in preventing recurrence of the dislocation. 


ANALYSIS OF PRESENT SERIES 


It will be noted that of 39 patients examined, only 20 were treated opera- 
tively. The remainder had insufficient disability or discomfort to warrant a 
major surgical procedure. We believe that selection of patients is most im- 
portant in the operative treatment of this condition. If the repeated sub- 
luxation was not significantly disabling, operation was not recommended even 
though in some eases the patients were willing to submit to surgical correction. 

There were 2 bilateral cases, 1 in an epileptic. One patient had a previous 
successful Nicola procedure on the opposite side, and in the other, operation is 
contemplated. In no instance was there a history of a familial disposition to 
dislocation. 

There were 19 male patients and 1 female. The ages ranged between 19 
and 36 with an average of 23.8 years. The number of recurrences varied be- 
tween 4 and 30 with an average of 12.2 and the duration was between 1 and 9 
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years with an average of 4.0 years. There were 12 left-sided and 8 right-sided 
dislocations. An attempt to correlate this with right- or left-handedness proved 
fruitless. 

When questioned concerning the nature of the original trauma, 11 reported 
spontaneous dislocation of the joint due to simple shoulder movements such as 
turning in bed, swimming, painting, boxing, or reaching for an object above 
the head. One of these patients was an epileptic. In 9 there was severe trauma 
at the time of the initial dislocation. Five were due to football injuries and 4 
were caused by falls on the involved extremity. Self-reduction of the dislocation 
was possible after the initial instance in 10 cases. It was always self-reducible 
in 6 patients and never self-reducible in 4. 

Roentgenographie findings were entirely negative in 6 patients (30.0 per 
cent). In the remainder there was evidence of posterior flattening in 6, a 
posterior groove in 7, glenoid lipping in 2, and a loose osteocartilaginous body 
near the glenoid rim in 3. Cystie changes in the head of the humerus were noted 
in 2 patients. It must be stated, however, that although all patients had films 
in internal rotation, special lateral and tangential views were not made in all 
eases. For this reason the incidence of bone defects in the head may actually 
have been somewhat higher than the roentgenograms would indicate. 


OPERATIVE TECHNIQUE 


The details of the Putti-Platt reconstruction operation have been clearly 
and adequately described by Osmond-Clarke. We intend to emphasize only 
those points which have seemed of outstanding importance in our cases and which 
may be of help in facilitating the procedure. We have learned that in many 
eases following this operation there is atrophy of the biceps and deltoid muscles 
approaching in some eases the rapidity and magnitude of quadriceps atrophy 
following knee injuries. For this reason, patients are instructed preoperatively 
in deltoid and biceps shrugging exercises so that these can be instituted 10 days 
after operation. 

Wound Exposure.—The skin incision should start at the acromioclavicular 
joint, curving well medial to the coracoid process and continuing in the line of 
the deltopectoral groove. The electrocautery is useful in the rapid control of 
bleeding from the numerous superficial vessels in this area. Separation is made 
in the line of cleavage between the pectoralis major and deltoid muscles. Care- 
ful blunt dissection in the intermuscular groove will avoid unnecessary bleeding 
and provide optimum exposure of the anterior joint structures. If the cephalic 
vein is found in the groove, ligation at the upper and lower levels of the wound 
followed by excision of the vein precludes annoying hemorrhage. If the vein 
is not readily accessible, the coracoid process should be used as a landmark 
for the plane of intermuscular separation. The cephalic vein will then be re- 
tracted medially with the pectoralis major muscle and will not be injured. The 
deltoid musele is divided transversely at a point three-fourths inch below its 
elavicular attachment. The muscle is then peeled laterally from the front of 
the shoulder exposing the tuberosities, the subscapularis tendon, the coracoid 
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process, and the conjoined tendon of the short head of the biceps and the coraco- 
brachialis muscles. We have not found it necessary to separate any of the fibers 
of the pectoralis major from their clavicular attachment. 

Approach to Shoulder Joint.—A grooved director is inserted transversely 
beneath the conjoined tendon at a level one-half inch below the eoracoid process. 
A holding suture is placed in the muscle tissue just below the director and the 
tendon is divided. It must be emphasized at this point that the underlying 
tendon of the pectoralis minor muscle and the neurovascular structures beneath 
it can be avoided and left undisturbed without handicap to exposure. Retraction 
of these structures must be guarded because undue tension may result in nerve 
injury, especially in the case of the musculocutaneous nerve. Extreme external 
rotation of the shoulder will now expose the belly of the subscapularis muscle 
which covers the front of the shoulder joint, and the 3 horizontal veins crossing 
the lower portion of this muscle will be prominent. These veins may be ligated 
but ordinarily they are not disturbed. A grooved director is now placed 
vertically beneath the subscapularis muscle at a point three-fourths inch medial 
to its tendinous attachment to the lesser tuberosity. The director is inserted 
into the muscle just below the clavicle and emerges just above the horizontal 
veins. Three holding sutures are inserted into the belly of the muscle and a 
vertical incision is made over the director, exposing the capsule of the shoulder 
joint. At this location there is a definite plane of separation between the muscle 
and the joint capsule. If the vertical incision is made closer to the tuberosity the 
tendinous and eapsular structures are found to be fused. Furthermore, such an 
incision will not preserve sufficient tendinous insertion of the subscapularis 
for attachment to the glenoid margin. 

Joint Incision.—With the shoulder still in external rotation any remaining 
fibers of the subscapularis muscle are incised and the muscle belly is permitted 
to retract medially over the front of the joint capsule. Three holding sutures 
are now placed in the anterior capsule and a vertical incision is made in this 
structure in the line of the subscapularis incision or just lateral to it. The 
lateral attachment of the capsule is not utilized in the repair so that it is not 
necessary to preserve this attachment as was done in the ease of the sub- 
scapularis tendon. It should be emphasized that strong catgut holding sutures 
must be used in the subscapularis musele and the capsule before completing 
the vertical incisions. If this is not done these structures may retract and dis- 
appear from view. We have found it helpful to differentiate the 2 layers of 
holding sutures by using straight foreeps on the muscle sutures and curved 
foreeps on the sutures in the joint capsule. 

Exposure of Glenoid Margin.—After the capsular incision has been com- 
pleted adequate exposure of the glenoid margin is usually obtained if the 
shoulder is again internally rotated and the fist of the assistant is placed in the 
axilla to lever the head of the humerus away from the glenoid cavity. By this 
maneuver the glenoid margin, the glenoid labrum, and the reflexion of the ecap- 
sule from the labrum to the front of the neck of the seapula ean be visualized. 
In some eases a view of the posterior articular surface of the humerus can be 
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obtained by forceful external rotation of the shoulder and forward displacement 
of the head into the wound. In others the posterior surface of the head may be 
palpated but not visualized. In many eases an examination of this area of the 
head is not possible without unnecessary additional soft tissue dissection. A 
search is made for the presence of loose bodies which may not have appeared on 
the preoperative roentgenograms. The degree of separation of the glenoid 
labrum from the glenoid rim is noted together with the amount of stripping of 
the capsule from the labrum and the neck of the scapula. An investigation is 
made for any structural anomaly such as enlargement of the opening of the 
subscapularis bursa into the shoulder joint or bony deficiency of the glenoid 
margin. 

Operative Repair.—We have used a curette to freshen the anterior and 
inferior portions of the glenoid margin when the labrum was found to be de- 
tached. The first step in the operative repair is the placing of 3 strong catgut 
sutures into the remains of the glenoid labrum. If the capsular reflexion from 
the labrum is still intact it is included in the sutures. If the labrum has been 
completely separated from both capsule and glenoid margin we have excised it 
and have placed the sutures in the capsular reflexion alone. The latter procedure 
is also used when the anterior labrum has completely disappeared. The shoulder 
is now placed in internal rotation and the 3 sutures in the glenoid labrum are 
fastened to the lateral stump of the subscapularis muscle. These sutures are 
secured while a forceps holds the subscapularis muscle firmly against the glenoid 
margin. At the same time an assistant pulls on the capsular holding sutures 
to ensure free overlapping of the capsule on the subseapularis stump. The 
shoulder is maintained in internal rotation with the arm across the chest of 
the patient during the remainder of the operation. The second step in the 
anterior shoulder repair is accomplished by pulling laterally on the medial cap- 
sular layer and fastening its edge to the fascia and periosteum in the region of 
the greater tuberosity. Finally the medial edge of the subscapularis is secured 
to the tissues near the tuberosity by lateral traction on the holding sutures in 
the muscle. The result of the individual steps of the corrective procedure is 
the formation of an anterior supportive ligament by the stump of the sub- 
seapularis tendon with re-enforeement by the plicated capsular and muscle 
layers. Closure of the wound by uniting the severed conjoined tendon and the 
deltoid muscle presents no difficulty. If the cephalic vein is still intact, care 
must be taken to avoid injuring this structure while placing sutures to close 
the gap in the deltopectoral groove. 

Postoperative Care—A muslin bandage support in the Velpeau position 
is maintained for 4 weeks. At the end of 10 days the biceps and deltoid shrug- 
ging exercises are begun. At 4 weeks a sling is used and active elbow and 
shoulder exercises are started. The elbow is gradually straightened and at 
the end of a few more days the sling may be discarded. Physical and ocecu- 
pational therapy are intensified at this time but no passive movements are 
employed. Most of our patients have required 4 weeks of such therapy before 
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a sufficient return of motion has been obtained to permit a return to ordinary 
activity. At the end of 8 weeks from the time of operation we have been able 
to discontinue formal treatment and rely on the patient’s active use of the part 
to produce a return of shoulder motion. Patients are cautioned against heavy 
lifting and competitive athletics for an additional 3 months but are advised to 





Fig. 2.—Schematic drawing of horizontal section of shoulder joint showing a, normal 
relationship, and b (Type I), dislocation into distended capsule with insufficiency of anterior 
glenoid labrum but no separation or capsular stripping. 
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Fig. 3.—Schematic drawing of horizontal section of shoulder joint showing a (Type II), 
moderate separation of anterior glenoid labrum and moderate capsular stripping, and b (Type 
III), complete detachment or absence of the anterior labrum and extensive capsular stripping. 


continue the shoulder exercises in which they have been instrueted. At the end 
of the 8 week period there is always some remaining limitation of external 
rotation and in some eases of abduction, but ordinary use of the shoulder and 
arm is possible without significant discomfort or disability. In 1 ease manipu- 
lation of the shoulder under anesthesia was required in order to regain adequate 
shoulder movement. 
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OPERATIVE FINDINGS 
The principal pathologie findings which we noted at the time of operation 
are indicated in Figs. 2 and 3. These are schematic drawings of horizontal 
sections through the shoulder joint and demonstrate the degree of labrum de- 
ficiency, the amount of capsular stripping, and the bony changes at the glenoid 
edge. For the sake of simplicity the humeral heads are always shown with a 
posterior defect, but this is probably not present in all eases. Certainly we 
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Fig. 4.—-Schematic drawing of glenoid cavity with head of humerus removed showing 
a, normal appearance of the glenoid labrum, b (Type 1), deficiency of the anterior and inferior 
portions but no detachment of the labrum or exposure of raw bone, and c (Type II), moderate 
— of the anterior and inferior portions of the labrum with roughened glenoid margin 
exposed. 
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Fig. 5 (Type III).—Schematic drawing of glenoid cavity with head of humerus removed 
showing a (Variety A), marked detachment of glenoid labrum with this structure extending 
into the joint like a bucket-handle meniscus, and b (Variety B), complete absence of the 
a and inferior portions of the labrum. There is extensive exposure of raw bone in both 
varieties. 


were unable to expose the humeral head in all of our eases sufficiently to recog- 
nize such a defect. Capsular distention was present in all patients but since 
the capsule is normally lax, it was impossible to determine whether this was 
anatomic or pathologic. In no patient was there a rent in the capsule large 
enough for the head to emerge, so that dislocation in all of our patients ap- 
parently oceurred into the distended capsule and not through it. No muscle 
tears or obvious muscle deficiencies were observed in this series although in 
one patient the subscapularis seemed to lack the bulk and vertical height noted 
in the great majority of patients. 

Figs. 4 and 5 are schematic drawings of the glenoid and neck of the scapula 
with the head of the humerus removed, demonstrating again the appearance of 








an a PUTTI-PLATT OPERATION FOR SHOULDER DISLOCATION 93 
the glenoid labrum and bony rim at the time of operation. It will be noted that 
in this series there was no detachment of the glenoid labrum (Type I) in 3 
patients (15.6 per cent). However, the anterior and inferior portions of the 
labrum were thin and defective. Capsular stripping could not be demonstrated 
in this group. The largest number of our eases fell into Type II, in which there 
was moderate separation of the glenoid labrum and stripping of the capsule 
from the neck of the scapula for approximately three-eighths inch. There were 
12 such eases (60.0 per cent). In the remaining 5 cases (25.0 per cent), which 
were placed in Type III, marked separation of the glenoid labrum and exposure 
of the anterior scapular neck for three-fourths inch by capsular stripping were 
easily demonstrated. In some patients the anterior labrum was displaced 
laterally like a bucket-handle meniscus, while in others it was entirely absent. 
In 2 patients an enlarged opening into the subscapularis bursa permitted an 
even wider area of the scapular neck for digital examination but these openings 
were not large enough to accommodate a dislocating head so that the displace- 
ment must again have been entirely intracapsular. 


COMPLICATIONS 


There was 1 postoperative wound infection which did not interfere with 
return of function and has not affected the short-term result. One patient had 
a definite musculocutaneous paralysis with loss of biceps and brachialis function. 
This was slowly regained and will probably be completely recovered since it was 


undoubtedly due to retraction at the time of operation. In 3 patients there was 
considerable limitation of external rotation and of abduction and it is doubtful 
whether complete recovery of function will result. However, these patients 
seem satisfied with their remaining movement and no attempt to increase it is 
contemplated. Considerable deltoid atrophy is present in these patients. In 
several other patients, temporary deltoid and biceps atrophy was present to 
considerable degree but is gradually disappearing with activity. 


SHORT-TERM RESULTS 


We do not feel that any of the patients have been observed long enough to 
warrant any statement concerning an operative result. These patients must be 
followed for a minimal period of 2 years before such evaluation can be made. 
However, it is our very decided impression that, in addition to the absence of 
recurrence in any case to date, all patients are well pleased with the early post- 
operative effects and are not disabled in any way. This is true in spite of 
the decided shoulder joint restriction and muscular atrophy in 3 patients and 
the slight limitation of external rotation (10° to 20°) which appears in most 
of the remainder. Some patients stated that there is slight weakness of the 
arm but no disability whatsoever and there is no instance of enforeed limitation 
of duty or athletic activity. Several patients, contrary to instruction, began 
to engage very early in contact athletics and have suffered no ill effects. The 
general opinion is one of complete satisfaction, with absence of the former ap- 
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prehensiveness and curtailment of activity. One cannot fail to be impressed by 
the unqualified approval these patients have expressed for this operative 


procedure. 
EFFECTS OF OPERATION 


We have endeavored to satisfy ourselves as to the reasons for the apparent 
effectiveness of this operation. If the lateral edge of the subscapularis muscle 
becomes attached to the glenoid rim as is stated in the recorded descriptions of 
this procedure and if this is the reason for prevention of recurrence of dis- 
location, then the postoperative loss of rotation should be far greater than noted 
in our patients. In only 3 individuals was there more than 20 degrees of 
limitation of external rotation and in most patients the limitation was minimal. 
This leads us to believe that the slight limitation of rotation is due only to the 
transfer of the attachment of the subscapularis muscle and possibly to the 
shortening of the capsule. It also suggests that tightening of these structures 
and not limitation of external rotation is the basie correction which prevents 
reeurrence. The importance of searification of the glenoid edge in the formation 
of an anterior biock to the head of the humerus is conjectural. We think that 
this factor and the conceivable reattachment of the capsule and labrum to the 
glenoid margin as a result of the curettage are not very likely reasons for the 
beneficial effects of the procedure. 

It cannot be too strongly emphasized that this is a relatively simple opera- 
tion, that it requires no special instruments, and that it falls very readily within 
the capabilities of the average qualified surgeon. This is important because 
these patients do not necessarily gravitate toward the highly specialized surgeon 
or the one who has access to the widest choice of surgical equipment. An opera- 
tion which is effective, easily carried out, and readily available to all qualified 
surgeons deserves wider recognition and use. 

It should also be recognized that this operation is apparently effective 
regardless of the underlying cause of the recurrent dislocation or the type of 
pathology which is demonstrated. Whether the basie defect is capsular, bony, 
muscular, or due to separation of the glenoid labrum, this operation apparently 
produces a satisfactory barrier to continued displacement of the humeral head. 
In this respect it has at least academic superiority over some of the other 
methods which are in current use. 

If the operative attachment of the subscapularis insertion to the glenoid rim 
does not persist, it is questionable how much value is derived from the wide 
exposure of the glenoid rim. Except for satisfying the natural scientific curiosity 
to examine the joint structures and determine the exact pathology, it would 
appear that little good is accomplished by the curettage of the glenoid edge and 
the deep layer of sutures. In fact, curettage may in some cases produce loose 
bone and eartilaginous fragments which could cause shoulder pain and stiffness. 
Unless loose osteocartilaginous bodies are visualized on the film, it may eventually 
be demonstrated that wide exposure of the joint is not necessary and that the 
shortening and transposition of the muscle and capsular layers are the only 
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portions of the procedure which are required. Such a modification would 
further simplify the operation but whether or not it would be equally effective 
must await a trial over a period of years and comparison with the long-term 
results established in the patients treated by the original procedure. 


SUMMARY OF IMPRESSIONS 


1. A series of 20 patients with recurrent dislocation of the shoulder treated 
by the Putti-Platt method of reconstruction has been reviewed. 

2. The end results are as yet undetermined but the procedure seems to be 
effective, highly satisfactory to the patient, and unaccompanied by significant 
weakness or limitation of shoulder motion. 

3. The operation is simple, requires no special instruments, and is available 
to the average qualified surgeon. 

4. The procedure seems to offer reasonable chance of success regardless of 
the underlying cause of the recurrent dislocation or the existing pathology. 

5. Selection of cases for operation is of greatest importance. Only patients 
presenting significant disability should be subjected to operative correction. 

6. Deltoid and biceps shrugging exercises should be taught preoperatively 
and instituted 10 days after operation to prevent atrophy and assist in early 
return of shoulder movement. Postoperative physical and occupational therapy 
are highly important in accomplishing a return of function. 

7. The number of patients with bilateral recurrent shoulder dislocation 
and the substantial proportion of patients who give no history of severe trauma 
associated with the original dislocation seem to suggest the likelihood of some 
congenital defect as a predisposing factor. 

'8. The minimal limitation of external rotation resulting from this procedure 
suggests that its effectiveness is not due to attachment of the subscapularis 
insertion to the glenoid margin but is based on the shortening and transposition 
of the anterior muscle and capsular structures. 
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THE REPAIR OF PARARECTUS INCISIONAL HERNIAS BY POSTERIOR 
TRANSPOSITION OF THE ANTERIOR RECTUS SHEATH 


LeRoy J. KLErNsAsser, M.D.,* DALLAs, TEXAS 


CCASIONALLY, following the use of incisions about the rectus sheath, 
postoperative herniation will occur. Anatomically the weakest point is the 

area below the linea semicircularis where the posterior rectus sheath is deficient. 
The principal support is the intact transversalis fascia. Consequently, wide 
defects of this layer following operation or injury are prone to result in hernia- 


tion. 

The method of repair of incisional hernias about the rectus muscle that is 
being reported requires an intact anterior rectus sheath to practically its entire 
width (Figs. 1 and 2). The lateral edge of the anterior rectus sheath is incised 
well past the length of the hernia. The anterior sheath is then mobilized to the 
midline and the underlying rectus muscle liberated. The anterior rectus fascia 
is then transposed beneath the rectus muscle and sutured laterally to the com- 
bined aponeurosis of the lateral abdominal muscles, and, above and below, to 
intact fascial layers. The peritoneal sac is treated as required. The repair is 
based upon the premise that an intact fascial layer is required just outside the 
peritoneum for the prevention or repair of any peritoneal hernia. This appears 
especially necessary in the area below the linea semicircularis since the only 
effective support is the transversalis fascia, which becomes extremely attenuated 
in the presence of extensive hernias in this region. 

I am reporting a method of repair of these hernias in 2 men by transposition 


of the anterior rectus sheath. 


CASE 1.—D. K., a 38-year-old white man, entered the Veterans Administration Hospital, 
Dallas, Texas, on March 2, 1948. He gave a history of having had a duodenal ulcer since 1927. 
In 1946 he developed a perforation of the ulcer and the ‘‘ peritonitis was drained’’ through 
several incisions, leaving a 15 em. sized incisional hernia in a 20 em. long left pararectus scar 
in the lower abdomen and a small defect in a right rectus hernia. The latter was closed by 
a simple procedure, but the left pararectus hernia required major operative treatment. This 
was done with 10 mg. of pontocaine continuous spinal anesthesia. The skin scar was excised, 
the peritoneal sac located, and opened. Omental and other adhesions were divided. The 
peritoneum and attenuated transversalis fascial fibers were then imbricated with interrupted 
sutures of No. 30 cotton. The anterior rectus was then freed laterally, superiorly, and in- 
feriorly, leaving it hinged to the linea alba. Medially, it was transposed behind the rectus 
muscle, leaving the latter subcutaneous in position. The lateral edge of the transposed rectus 
fascia was sutured to the medial edge of aponeurosis of the external oblique and attached 
fascia and muscle by mattress sutures. The wound was closed in the usual fashion. Cotton 
suture material was used throughout the operative procedure. 

The convalescence was uneventful, with the highest temperature being 99.4°F. on the 
first day. The sutures were removed on the fifth day postoperatively and the wound healed 
well. During hospitalization, a subtotal gastrectomy for obstructive duodenal ulcer was done 
without event through a high transverse incision. There has been no recurrence of the hernia. 


CasE 2.—W. T. L., a 30-year-old white man, was admitted to the Veterans Administration 
Hospital, Dallas, Texas, on July 16, 1948, with a right lower pararectus abdominal incisional 
hernia. In 1932 he had had an appendectomy through a right pararectus incision for a 
perforated appendix. The wound was drained for 6 days and then gradually healed, requiring 
3 weeks’ convalescence. He experienced no difficulty until February, 1946, when he began to 
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notice a bulge in the incision. This gradually enlarged and on examination a 4 by 4 em. 
defect could be palpated in the lower end of a 6 cm. long scar. 

Operation was performed using 20 mg. of pontoeaine spinal anesthesia reinforced by 

N,O and pentothal. The skin scar was excised, the sac located, and opened. Omentum was 
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Fig. 1. 


found within the sac, and this was amputated. The hernial defect proved to be 5 em. long. 
The peritoneum and overlying attenuated transversalis fascia were closed with simple inter- 
rupted sutures. The remaining repair was the same as that described for the preceding case. 

He developed a fever of 100°F. immediately postoperatively and was given penicillin 
intramuscularly, 50,000 units for 11 days. Skin sutures were removed the sixth day post- 
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operatively. On the third postoperative day he developed a small stitch abscess which sub- 
sequently required removal of some cotton sutures. Cultures were repeatedly negative. 
The wound has remained healed since and there has been no recurrence of the hernia. 
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SUMMARY 


A method for the repair of pararectus incisional hernias by posterior trans- 
position of the anterior rectus sheath is described. This method has been used 
in 2 cases without recurrence. It is felt that this method is applicable to any 
posterior rectus sheath defect where a sufficient width of anterior rectus sheath 
remains. A further application of this principle may be in spigelian hernia 


repair, 











THE USE OF A HOMOGRAFT IN THE SURGICAL 
TREATMENT OF LARGE OMPHALOCELES 


KENNETH J. WELCH, M.D., PHILADELPHIA, PA. 


(From the Surgical Clinic of the Hospital of the University of Pennsylvania and the Harrison 
Department of Surgical Research, School of Medicine, University of Pennsylvania) 


ARGE omphaloceles are relatively rare in the experience of obstetricians and 

may not be encountered in the lifetime of a general surgeon. Because of 

the apparently hopeless outlook, a large number of these patients have not been 

referred for surgical treatment. In the past few years, and particularly since 

the enthusiastic report of Gross,’ more of these patients are being successfully 
operated upon. 

The disproportion between the volume of the abdominal organs and the 
size of the abdominal cavity with the largest defects suggests that the entire 
embryologie sequence in the formation of the anterior abdominal wall is ab- 
normal. Fusion of the linea alba first occurs normally from the pubis to the 
umbilicus and at a later date from the umbilicus to the xiphoid. In patients 
with large omphaloceles the lower portion of the anterior abdominal wall is 
usually complete and the base of the amniotic sae extends from the normal posi- 
tion of the umbilicus to the xiphoid. The existence of an amniotic linea alba 
above the umbilicus implies defective ventral fusion and precedes the forward 
projection and later withdrawal of the midgut from the exocoelom by about 
4 weeks. 

There is usually no family history of this anomaly. The association of this 
defect with other serious anomalies would give one little enthusiasm for under- 
taking a long period of surgical treatment. Although other anomalies do occur 
in from 25 to 40 per cent of the cases,” * it has been our impression that they 
are for the most part recognizable and superficial. Stenosis and atresia of the 
gut is rare. The only constant defect within the abdomen is incomplete 
attachment of the mesentery to the posterior abdominal wall, with the threat 
of volvulus. However, volvulus does not occur with enough frequency to in- 
fluence the selection of an operative procedure in the neonatal period. These 
facts are cited because they are of importance in deciding whether or not the 
amniotic sac should be opened at the time of surgical repair. 

There are a number of factors that affect survival, and the most important 
of which are: (1) the size of the abdominal wall defect; (2) the contents of the 
sac; (3) delay in surgical treatment; and (4) preservation of the sae. The 
collected experience would indicate that only about 15 per cent of the patients 
survive if the fascial defect is greater than 8 em. and if the sae contains a large 
part of the liver. Crowding of viscera into the undeveloped abdominal cavity 
results in impeded venous return, intestinal obstruction, and hypoventilation. 
While these difficulties can be overcome in part by adopting a modified operative 
technique, little can be done to improve survival in those patients that are 
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deprived of operation for more than 24 hours. The mortality rate rises from 
12 per cent at 24 hours to 66 per cent at 48 hours regardless of the size of the 
omphalocele.* The reason for this is apparent if one considers the low vascu- 
larity of the amniotic membrane. This is so vulnerable to drying and disinte- 
gration that evisceration often occurs shortly after birth. Infection may 
permeate this membrane, producing a generalized peritonitis. In addition, it 
seriously interferes with the success of any soft tissue procedure employed in 
an attempt to cover the defect. 

We have recently had the opportunity to undertake surgical treatment of 
an otherwise normal child born with one of the largest recorded omphaloceles. 
Operation was delayed for a period of 58 hours after birth. This delay resulted 
in drying and agglutination of bowel loops with resulting intestinal obstruction. 
In addition there was infection and beginning ulceration of the sac. This 
combination of features makes the infant’s survival to the age of 9 months 


unique. 


NIPPLE LINE 





Fig. 1.—Print of color photo taken in the operating room before the first stage plastic procedure. 


CASE REPORT 


8S. C. was admitted to the Hospital of the University of Pennsylvania 58 hours after 
birth for surgical correction of a large omphalocele. The omphalocele presented no problem 
in delivery, there was no cyanosis at birth, and the ery was prompt. Birth weight was 5 
pounds 8 ounces. The obstetrician noted that the amniotic sac contained most of the liver 
and spleen together with large and small bowel. Because of the huge size of the abdominal 
wall defect and a diminutive abdominal cavity it was felt that nothing could be accomplished 
surgically. After the first day the child began to vomit and the herniation increased in size. 
No stools were passed. 

Physical examination revealed a small, active, infant girl who seemed normal but for 
the presence of an omphalocele. The amniotic sac was opaque in many areas and there was 
a 4 cm. area of ulceration, The mass was tense and there was no visible peristaltic activity. 
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There was no ingrowth of skin from the perimeter of the sac. The base of the sac at its 
junction with the abdominal wall measured 10 cm. in diameter and the greatest diameter of 
the sac was 14 em. 

The child was taken to the operating room because of impending rupture of the sac. 
Sterile saline dressings were applied and a plastic cannula was inserted into the ankle vein. 
Attempts were made to reduce the volume of omphalocele with gastric suction and rectal 
irrigation without avail. Streptomycin, penicillin, and vitamin K were given parenterally. 
Under endotracheal cyclopropane anesthesia operative correction of this defect was under- 
taken. The entire sac was cleansed and painted with one-half strength tincture of iodine 
in several coats. The excess of cord was removed and the umbilical stump was sutured 
with arterial silk. A plane of subcutaneous dissection was established about the base 
of the sac without entering the peritoneal cavity. This was carried out to the borders 
of the erector spinae group, to the pubis, and well up over the clavicles. By forcibly re- 
ducing the mass it was possible to approximate the flaps with a single layer of interrupted 
fine steel wire sutures under considerable tension. Because of this tension the flaps became 





Fig. 2.—Artist’s drawing showing the homograft in place on the fourteenth day of life after 
sloughing of the entire left skin flap. 


mottled and cold. The lower extremities became cyanotic and the blood pressure fell pre- 
cipitously. Within a short time the blood pressure returned to normal and the general con- 
dition of the infant appeared satisfactory. Postoperatively the child was placed on gastric 
suction and in high concentration oxygen. Spontaneous stools began 24 hours after operation 
and a dilute formula was started on the fourth day. The cyanosis and edema of the lower 
extremities gradually cleared, disappearing by the third day. On the sixth postoperative day 
we noted staining of the dressings with thin green fluid. The infant was returned to the 
operating room where it was found that there was extensive necrosis of the left skin flap, 
again exposing the entire left side of the sac. Encouraged by the presence of a rim of 
granulation tissue growing in from the periphery, we believed that if the sae could be 
adequately protected for a few weeks a reinforcing layer of granulations might move across 
the surface of the amniotic sac, thus giving an adequate bed for definitive grafting pro- 
cedures. The child’s father was called in and a drum of skin was taken from his abdominal 
wall. The infant’s 15 by 8 em. cutaneous defect was then covered with the homologous graft. 
This graft survived for a period of 1 month. Gradually it was trimmed away and a firm 
granulating surface with evidence of ingrowth of new skin from the periphery was found. 
Thiersch strips were taken from the infant on 2 subsequent occasions and were applied in 
such a manner ag to bridge the remaining granulating area. At the age of 15 weeks healing 
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was complete. After this her progress was rapid and uncomplicated. The firm, desquamating 
surface of the ventral hernia appears adequate to support the viscera until the abdominal 
cavity enlarges sufficiently to permit second stage ventral herniorrhaphy. 


DISCUSSION 


It has been recognized for a number of years that these large defects could 
not be dealt with by primary herniorrhaphy. In a number of instances, because 
of inability to reduce the viscera, it was elected to bring skin and subeutaneous 
tissue alone together in the midline. Beeause this produced intestinal adhesions 
and because everything depended on the integrity of the suture line it seemed 
wise to consider preservation of the sae with its normal peritoneal lining. This 
was performed by Dr. Carrington Williams of Richmond, Va., in 1930.5 In 
his patient, delay in operation had resulted in gross infection of the sac. Reason- 
ing that it would be far better not to expose the peritoneal cavity to this in- 
fection, he amputated the excess of umbilical cord, developed a subeutaneous 





Fig. 3.—Photograph showing complete healing of the abdominal wall and excellent general 
condition of the patient at the age of 4 months. 


plane about the base of the sae without opening the peritoneal cavity, brought 
extensive skin flaps over the intact sac, and sutured them in place in the midline. 
Unfortunately, this child died of overwhelming infection within a few days. 
This principle was utilized by Dr. Robert E. Gross in instances where little time 
had elapsed after birth. In these patients intestinal obstruction had not de- 
veloped and infection was minimal. A second contribution was his recognition 
of the fact that with moderate, sustained pressure the abdominal cavity would 
enlarge, thus accommodating the displaced viscera. After a suitable delay he 
was able to carry out a conventional 3 layer ventral herniorrhaphy in 3 patients 
without a death. 

The question has arisen as to whether or not one is justified in not opening 
the peritoneal cavity at the time of initial operation.” * This applies, of course, 
only to the large omphaloceles where formal herniorrhaphy is not possible. It 
was encouraging to note the low incidence of associated intestinal anomalies. 
Furthermore, there is no record of a patient in whom intestinal stenosis or 
atresia was recognized on opening the amniotic sae and who had intestinal 
resection and anastomosis with subsequent closure of the abdominal wall. It 
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would seem that the obstruction often seen after the first 24 hours is due in 
part to adynamic ileus because of the unnatural habitat of the bowel, in part to 
drying and agglutination of bowel loops, and in part to peritonitis. All of 
these seem to be overcome by covering the sae with skin flaps and none of them 
would be relieved by opening the peritoneal cavity. 

It is of interest that a homograft has not previously been employed in the 
treatment of omphaloceles. Certainly its place has been established in other 
situations where there is not enough donor area to cover the existing skin defect. 
The opaque amniotic membrane would not appear to be capable of supporting 
a graft. However, adequate vascularization does take place, probably in large 
part from the underlying peritoneum. Under ordinary circumstances it is not 
necessary to employ a homograft because without the increased volume of the 
sae incident to intestinal obstruction there is enough skin, after adequate under- 
mining, for primary suturing without tension. In this case, loss of skin sub- 
stance due to ischemic necrosis resulted in exposure of the disintegrating am- 
niotic sac. A large Thiersch graft taken from the infant’s back would have 
been hazardous and might well have failed. Employing a split-thickness graft 
from another donor, we were able to protect the sae until it became re-inforced 
with firm granulation tissue. 

SUMMARY 

Survival to the age of 9 months of an otherwise normal infant with a large 
omphalocele is reported. 

Operation on this patient was delayed for 58 hours after birth with result- 
ing intestinal obstruction and infection of the amniotic sac. 

A homologous Thiersch graft was used successfully in this young individual 
and at times it may be a lifesaving measure in the surgical treatment of this 
disease. 

ADDENDUM 

At the time of publication this child is 14 months old and is about ready for closure of 
the fascial defect. 

Acknowledgment.—The author wishes to express his appreciation to Dr. William Marshall, 
Jr., of Milford, Del., for referring this patient to us, and to the pediatricians and nurses 
responsible for this child’s excellent care. 
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A NEW SURGICAL PROCEDURE FOR COMPLETE RECTAL PROLAPSE 
IN THE MENTALLY ILL PATIENT 


CASE REPORT 


SAMUEL J. STABINS, M.D.,* RocHEsTER, N. Y. 


(From the Veterans Hospital, Canandaigua, N. Y.) 


LTHOUGH the operative procedure for complete rectal prolapse described 

in this article was performed on a mentally ill patient, it is equally appli- 
cable in any patient confronted with a similar ailment. Ever since Moschowitz' 
in 1912 presented his observations on the causes and cure of complete rectal 
prolapse, numerous articles have appeared, each author claiming his particular 
procedure to be the ideal operation for this condition. The operation has varied 
from the perineal, sacral, abdominal approach to a combination of the perineal 
and abdominal repair proposed by Dunphy’ in 1948. Moschowitz contended 
that the complete prolapse was a sliding hernia passing down along the anterior 
wall of the rectum and its cure could be brought about by the obliteration of 
the Pouch of Douglas. He reported 9 eases, of which 3, at follow-up, revealed 
recurrent prolapse of the mucous membrane. The operation was essentially a 
colopexy and as in all pexy or fixation procedures subject to progres- 
sive loss of physical support and spiritual enthusiasin. As time elapsed, 
the percentage of recurrences increased in the hands of many who followed his 
procedure and finally the operation became of historical interest only. In 1932 
Weinstein® suggested that the predisposing factors were congenital anomalies 
within the abdomen and felt that a correction of these abnormalities was neces- 
sary. In addition, he felt that it was necessary to divide the pelvie peritoneum 
at its point of reflection and to free the rectum from the hollow of the sacrum 
down to the tip of the coceyx. This was the first reported attempt to bring the 
prolapse up out of the perineal space into the abdomen. The operation fell 
short of being complete, however, for the prolapsed bowel was then left in the 
abdomen to be treated in various ways. Fair,‘ in 1938, reporting on prolapse 
of the rectum in the insane, suggested that in addition to pulling the rectum up 
taut, the bowel should be fixed to the psoas minor tendon or the iliae fascia. 
Again we see an attempt toward fixation of the prolapsed bowel that has been 
brought up into the abdomen. In 1939, Pemberton’ concluded that an abnor- 
mally loosely attached rectum was the most important predisposing factor in 
its development and that prolapse could not develop when the organ was firmly 
fixed. He further contended, a conviction enthusiastically supported, that 
sigmoidopexy without dividing the pelvie peritoneum would not make the 
rectum taut and would be doomed to failure. In addition to dividing the peri- 
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toneum and bringing the rectum up he fixed the bowel in its elevated position 
by suturing it to various portions of the abdominal wall and to the pelvic organs. 
In addition, he sutured together a portion of the mesentery of the 2 loops of 
elevated bowel or sutured bowel to the peritoneum of the lateral or anterior 
abdominal wall. This operation has been attended with fairly good success but 
here again the operation is completed with plication or fixation intra-abdomi- 
nally. Graham,® in 1942, presented his operation for the cure of massive rectal 
prolapse; he carried out the dissection after dividing the pelvie peritoneum 
until the widely separated, fascial-covered medial borders of the levator ani 
muscles were visualized. With the rectum pulled well up into the abdomen he 
placed interrupted locked mattress sutures of silk in the fascia covering the 
levators and united the lateral rectal wall to the fascia over the right and left 
levators. The operation was completed by obliterating the cul-de-sac. By this 
time there was a uniform agreement by everyone that a division and repair of 
the pelvie floor after the rectum had been made taut was essential for the cure 
of this condition. In 1943, Skinner and Dunean’ reported on their operative 
procedure of repairing the pelvie floor with fixation of the rectum and sigmoid 
followed by a colostomy to fix the redundant bowel. Subsequently, the colos- 
tomy was closed. This latter procedure generally meets with the disapproval 
associated with a temporary fecal fistula and is particularly frowned upon in 
any mental institution. Hulten,* in 1946, stated that a 7 vear follow-up of 6 
patients who had undergone his operative procedure failed to reveal any evi- 
dence of a recurrence. His technique consisted of obliterating the Pouch of 
Douglas and resecting the sigmoid as in the Block-Mikuliez operation. The 
double-tubed preternatural anus was closed in the usual 2 weeks. The failure 
to bring the rectum up out of the sacrum with restoration of the pelvie floor 
would seem to doom this operation to failure. Likewise, the disadvantage of a 
temporary fecal fistula is readily apparent. Hayes and Burr,’ in 1948, described 
their procedure as a modification of the Graham operation in that in addition 
to suturing the lateral ligaments of the rectum across in front, they developed 
a new bed for the sigmoid held taut by incising the peritoneum lateral to the 
sigmoid. 

The procedures that have been performed, then, are: (1) plastic amputa- 
tion or fixation operation by the perineal or sacral routes; (2) obliteration of 
the pelvie cul-de-sac; (3) division of the pelvic peritoneum with fixation of the 
prolapsed bowel in the abdomen after restoration of the pelvic floor; (4) suspen- 
sion or fixation of the prolapsed bowel; (5) suture of the lateral ligaments of 
the rectum in addition to restoration of the pelvic floor; and (6) resection of the 
prolapsed bowel through the medium of a temporary colostomy. Each one of 
these procedures falls short of the ideal operation. The operation to be de- 
scribed is based on many of the principles already suggested. For many 
years a 1 stage resection and primary end-to-end anastomosis for lesions of the 
sigmoid has been performed by the author. The results have justified this method 
of approach. It was felt, then, that in the cure of a complete rectal prolapse, this 
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method should be combined with the primary principle of dividing the pelvic 
peritoneum to bring the prolapsed bowel up into the abdomen. The operation 
as developed is described in detail in the following case report. 


CASE REPORT 


J. M., 57 years of age, was admitted to the Veterans Administration Hospital, Canan- 
daigua, N, Y., on Jan. 24, 1941, because of delusions and hallucinatory experiences. During 
his residence he showed progressive intellectual deterioration to the extent that he would 
mumble uninteliigently and become unable to communicate on a verbal level. He also 





Fig. 1.—1/, Incision of pelvic peritoneum to bring rectum out of pelvis. 2, Resection of 
bowel necessary to keep the rectum taut. 3, End-to-end anastomosis of bowel; a, sagittal view 
showing prolapse before operation, and b, similar view after correction. 


showed progressive deterioration in his personal habits. In September, 1945, it was noted 
that the patient had a mild prolapse of the rectum which became progressively worse until 
finally it reached a degree where about 8 inches of the bowel remained almost constantly 
outside (Fig. 1, a). The services of a male attendant for almost constant supervision were 
required. In view of this, it was felt that he should be subjected to surgery, which was per- 
formed on Jan. 8, 1947. For 1 week prior to surgery he was carefully prepared as though a 
left-sided large bowel resection in 1 stage was to be done. A Miller-Harris tube was passed 








108 STABINS Surgery 


January, 1951 


2 days before operation and anchored in the proximal ileum. Under general anesthesia, a left 
lower rectus muscle-splitting incision was used extending from the symphysis to just above 
the navel. The patient was placed in the Trendelenburg position similar to that used in an 
abdominoperineal resection. The pelvic peritoneum was incised laterally, medially, and across 
the front behind the bladder (Fig. 1, 1). The operator then freed the rectum from the hollow 
of the sacrum and brought the entire prolapsed bowel up into the abdomen. With the rectum 
held taut, the entire redundant bowel was resected, care being taken to preserve the superior 
hemorrhoidal artery (Fig. 1, 2). An end-to-end anastomosis was then made between the 2 
open ends of the bowel. The pelvic floor was refashioned (Fig. 1, 3). The abdomen was 
closed without drainage. Convalescence was uneventful. He was followed regularly until the 
time of his death from other causes 20 months later. At no time was there the slightest sug- 


gestion of a recurrence of the prolapse. 
CONCLUSIONS 

1. A ease of complete prolapse of the rectum in a mentally ill patient is 
presented. 

2. A new operative procedure for its cure is deseribed. 

3. A eure cannot be obtained without complete fixation of the reetum, 
which cannot be accomplished unless the pelvie peritoneum is divided and the 
prolapsed bowel brought up into the abdomen. 

4. Resection of the prolapsed bowel with end-to-end anastomosis in 1 stage 
and restoration of the pelvic peritoneum are presented as the ideal operation 
for cure. 

5. Colopexy or fixation operations of any form carry with it the objections 
usually associated with such procedures. 


ADDENDUM 


Since this article was received for publication another patient was subjected to this 
procedure at The Genesee Hospital with similar successful results. 
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BENIGN TUMORS OF THE ESOPHAGUS 
Report OF A CASE OF LEIOMYOMA 


WiuuiaM L. Garuick, M.D., anp JAMES G. SteamatEr, B.S., M.D.,* 
BALTIMORE, Mp. 


(From the Department of Surgery, University of Maryland, Mercy Hospital Division) 


ENIGN tumors of the esophagus are of considerable interest because of 

their rarity, because of the very satisfactory results when they are recog- 
nized early and treatment instituted, and because of the danger of such tumors 
undergoing malignant degeneration while remaining asymptomatie. 

They may be divided into 3 classes by the position in the lumen or in the 
wall of the esophagus and by the pathology: 

Those tumors projecting into the lumen of the esophagus, arising from the 
mucosal and submucosal elements, and which are most commonly attached by 
a pedicle, are classed as intramucosal or mucosal tumors. Polypi and papillomas 
are the most common of these, arising usually just below the esophageal introitus 
about the level of the ericoid cartilage or in the lower one-third of the esophagus. 
They may. be adenomas, epithelial cysts, fibromas, hemangiomas or lipomas. 
Being mucosal covered, they hang freely in the esophageal lumen along its wall 
to produce dilatation, regurgitation, bleeding, or epigastric, substernal, sub- 
scapular, or supraclavicular pain, or give no symptoms at all, being found on 
routine examination for other gastrointestinal symptoms or at autopsy. They 
occur most frequently in the lower one-third of the esophagus and least fre- 
quently in the middle one-third, and vary in size from a small bean to a tumor 
the length and size of the esophagus. There is often a long pedicle, allowing 
the tumor to be regurgitated into the mouth and at times beyond the teeth. 
These tumors are more frequently single than multiple. 

A second class is the intramural, extramucosal tumors, which arise from 
elements of the submucosa or muscularis and consist of fibromas, lipomas, 
lipomyomas, and leiomyomas. These often have a sarecoma-like microscopic 
picture (particularly the tumors containing muscle tissue), though well en- 
eapsulated and noninvasive. They are usually asymptomatic until they project 
into the lumen, causing partial obstruction and dilatation of the esophagus, 
or until the mucosa over them becomes uleerated from trauma, giving symptoms 
of burning, pain, nausea, regurgitation, and bleeding. They may also produce 
pressure on adjacent organs giving referable symptoms. 

Those tumors which arise from structures other than esophageal and those 
that are the residue of inflammation and foreign bodies constitute a third elass. 
Dermoid cysts and aberrant thyroids have been found at autopsy in the esopha- 
gus. Foreign bodies have formed eneysted tumors in the esophageal coats, giving 
rise to a tumorlike growth containing foreign body giant cells. 
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That benign esophageal tumors are rare has been well shown by various 
authors. Patterson,!* in 1932, reviewed the literature from 1717 to 1932 and 
found 61 reported cases, the majority noted at autopsy, the patients having 
complained of no referable symptoms in life. She added a further case. 
Bryant,’ in 1905, collected 9 cases and reported 2 of his own, all found at autopsy. 
Abraud' (1911), in Paris, reported 20 cases collected in Europe. Vinson and 
associates'’® (1926), at the Mayo Clinic, stated that of 4,000 patients complaining 
of dysphagia, benign tumors were found in 3. Moersech and Harrington” 
(1944), Mayo Clinic, found 15 benign tumors in 11,000 patients complaining 
of dysphagia. They stated further that a review of 7,459 post-mortem exami- 
nations revealed only 44. Schafer and Kittle* (1947), University of Chicago, 
stated that in 6,001 post-mortem examinations, 11 benign tumors of the esopha- 
gus were found. In 1948, Kenworthy and Welch® reported 1 case and reviewed 
in addition to those previously mentioned, a case reported by Miller® (1912), 
one reported by Milovanovie’® (1914), both post-mortem specimens, and one by 
Brock*® (1942), a surgically removed specimen. The entire literature contains 
probably somewhat less than 200 tumors, all but about 2 dozen found at autopsy. 
The majority of tumors found at surgery has been of the mucosal or intra- 
mucosal variety until the last few years. Chi and Adams* (1950) give an ex- 
cellent chart listing 20 patients surgically treated and reported. 

The symptoms of benign tumors—dysphagia, regurgitation, cardiospasm, 
stenosis, dilatation, dyspnea, substernal or epigastric pain, and bleeding, or 
no symptoms—are those of carcinoma of the esophagus and should be differ- 
entiated if possible by (1) the history: the symptoms are of longer standing, 
of years instead of a few months, and are slower in development; (2) by 
esophagoscopy and biopsy, if feasible: the mucosa is most frequently normal 
or superficially ulcerated and biopsy shows no malignant tissue (which does not 
necessarily rule out malignancy) ; (3) by x-ray examination: the tumor outline 
is frequently smooth and regular, of unbroken line, and is close to the mucosa. 
A very definite diagnosis of benignity can be made at operation by the non- 
invasive, encapsulated, freely movable characteristics of the benign tumor 
which pushes apart, separates, and distends normal structures rather than draws 
them to it, puckering and distorting the normal appearance. 

The treatment has been standardized for the intraluminal pedunculated 
variety since 1763 when Munro* ligated the pedicle, following which the tumor 
separated and was passed by stool. The use of the esophageal speculum, 
esophagoscope, and cautery has made this procedure more dexterous and less 
hazardous. Dubois* (1818) reported a patient treated by ligating the pedicle; 
in this case the tumor separated and was aspirated, causing death. Such a 
mishap has been reported as late as 1942 by Samson and Zelman."* It has only 
been in recent years that major surgical procedures have been applied to the 
problem of removing these tumors, particularly the extramucosal variety. 
Ohsawa™ (1933) reported the removal of a benign tumor from the lower end 
of the esophagus in a patient who was operated upon to relieve cardiospasm. 
The tumor was intraluminal and peduneculated. Brock® (1942), in England, 
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reported the resection of the lower esophagus and an intrathoracic esophago- 
gastrostomy in the first surgically treated benign tumor (extramucosal leiomy- 
oma) reported in European literature. Harrington and Moersch* (1944) re- 
ported 7 cases, 6 of the intramucosal variety, 5 of which were removed by cervi- 
eal esophagotomy, 1 by snare and eautery, and the seventh by resection of the 
esophagus. This patient shortly died of pneumonia. In 1945, Harper and 





Fig. 1.—Roentgenogram of thoracic esophagus showing presence of tumor at the level of 
bifurcation of the trachea. 


Tisecenco’ reported 1 patient with a leiomyoma who was operated upon by Dick, 
and who also died postoperatively of pneumonia. Schafer and Kittle’* (1947) 
reported the successful removal of a large intramural leiomyoma of the lower 
one-third of the esophagus. A second ease of extramucosal, intramural tumor 
successfully treated (by esophagogastrostomy) was reported by Kenworthy and 
Welch® in 1948. Chi and Adams‘ (1950) reported a myoma of the upper one- 
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Fig. 2.—Exploratory thoracotomy. The esophageal tumor is seen delivered from beneath 
the lung root by tape. Note the separation and distention of the normal esophageal structures 
by the tumor. 
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third successfully removed by esophagogastrostomy. The treatment has been 
adjusted to the demands of the successful removal of the tumor and has been 


(a) snare and cautery, (b) cervical and transpleural esophagotomy, and (c) re- 
section of the tumor with or without esophageal resection and esophagogastros- 





tomy. 


| a 
9) la 


Fig. 3.—Tumor specimen showing the circular outline and firm, rubbery, pearly white con- 
sistency, with dark areas of degeneration. 








Fig. 4.—Microscopic section of tumor showing typical true myoma. 
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REPORT OF A CASE 


A 48-year-old white man was admitted to the hospital because of symptoms of sub- 
sternal and epigastric pain occurring in spasms. He gave a history of having eaten raw 
oysters, which were regurgitated, one week previously. In that week, whenever the patient 
ate solid food, he experienced severe substernal pain; he had no difficulty in swallowing 
liquids and soft diet. He gave a history of having such attacks of greater or lesser severity 
over a period of 7 years; they came on immediately after eating and occasionally were 
followed by regurgitating of undigested solid food. There was no history of vomiting of 
blood or tarry stools. Just prior to admission to the hospital, he was given a large capsule 





Fig. 5.—Roentgenogram showing postoperative result. Note moderate dilatation of esophagus 


containing barium; fluoroscopy showed an esophageal obstruction in the middle one-third. 
Subsequent gastrointestinal series were done, showing a tumor pressing into the lumen of the 
esophagus at the level of the bifureation of the bronchi (Fig. 1). The gastrointestinal series 
also showed an old duodenal ulcer. Esophagoseopy was done and an ulcerative lesion several 
centimeters in length was noted and biopsied. The biopsy showed normal esophageal mucosa. 
The patient also gave a history of asthmatic attacks, which he said occurred chiefly on the 
left side, with wheezing and rales, at times very annoying. 

On Jan. 4, 1950, an exploratory thoracotomy was performed under positive pressure 
anesthesia (Fig. 2). The left sixth rib was resected through a long incision and the pleural 
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cavity was opened. The parietal pleura over the esophagus was incised and the esophagus 
delivered from its bed, up to the arching aorta, where the distal end of the tumor could be 
pulled into view. By delivering the esophagus with tape, the tumor was exposed. It was 
judged immediately to be benign, because of the uninterrupted but distended pattern of the 
longitudinal esophageal muscle. About two-thirds of the circumference of the greatly dilated 
esophagus was in no way involved by the tumor. The longitudinal muscle over the tumor was 
separated in its continuity and the tumor shelled out of the muscularis, leaving a perfectly 
smooth submucosa, with no evidence of involvement and no perforations into the esophageal 
lumen. The muscle coats were then approximated with interrupted sutures and the normal 
esophageal anatomy restored. The esophagus was laid back in its bed, the parietal pleura 
resutured above it, and the chest closed in the routine manner. The tumor in the esophagus 
was seen to be relatively mobile and placed in such a manner as to impinge on the left main 
bronchus, which probably accounted for symptoms being produced by such a small tumor. 
Postoperatively, the patient was out of bed on the fourth day and was ready for discharge 
from the hospital at the end of 8 days. Temperature, pulse, and respiration remained normal 
through the pre- and postoperative course. At the time of discharge, blood pressure was 
120/80; respiration 14; pulse 76; hemoglobin 98 per cent, 14.8 Gm.; red blood count 4.86; 
and white blood count 7,650. He has returned to his normal activity (Fig. 5). 

The pathologic specimen consisted of a tumor, pearly white in color, irregularly 
circular in outline, which was firm and rubbery, and on section showed dark reddish-brown 
stains of degeneration (Fig. 3). Microscopically the tumor was the picture of a typical 
myoma, with areas of well-nourished cells interspaced with areas of degeneration (Fig. 4). 


DISCUSSION 


An increasing number of benign tumors of the esophagus, particularly of 
the intramural type, are being reported in medical literature. The majority of 
these tumors probably should be surgically removed at the earliest possible mo- 
ment because of continued growth with eventual dilatation of the esophagus 
and pressure on adjacent structures, and because malignant degeneration may 
occur in or about such a tumor. As shown in this particular case, the position 
of the tumor in the esophagus will predict whether it produces symptoms or not, 
until it becomes of great size. It is interesting to note that this patient also had 
duodenal pathology, which oceurs with not uncommon frequency in lesions of 
the esophagus, whatever their kind. It is our belief that the majority of benign 
tumors, though frequently not having a distinct capsule, do have a pseudocap- 
sule, which allows them to be peeled out surgically without resection of the 
esophagus. 

SUMMARY 


A ease of leiomyoma of the middle one-third of the thoracic esophagus is 
reported. A transpleural approach from the left side was successfully employed. 
A review of the literature on the incidence of benign tumors of the esophagus, 
and of the symptoms of mucosal and intramural tumors of the esophagus is made. 
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ACUTE ABDOMINAL SYMPTOMS FROM THE BLEEDING OVARY 
ANALYSIS OF EIGHTY-FourR PRovEep CASES 
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CHARLOTTESVILLE, VA. 


(From the School of Surgery and Gynecology and the University of Virginia Hospital) 


AINFUL sensation may accompany the rupture of a graafian follicle or a 

corpus luteum with bleeding into the peritoneal cavity. Textbooks accord 
it only passing mention, but several previous articles dealing with the nature 
and importance of this phenomenon have been found. Recognition in the 
University of Virginia Hospital of a number of patients with slight bleeding 
from the ovary associated with abdominal pain has led us to review all eases 
which represented this symptomatology during the past 17 years. Of 183,761 
patients admitted to the hospital from 1932 to 1949 inclusive, 172 were admitted 
because of symptoms and signs which led to a final diagnosis of rupture of a 
graafian follicle, a graafian follicle cyst, or a corpus luteum. In 84 the diag- 
nosis was verified by actual demonstration of the lesion in the ovary. The rest, 
88 patients, were either not subjected to laparotomy or adequate visualization 
of the ovaries was not accomplished. Only the 84 proved cases will be fully 
analyzed in this report. The remaining 88 cases will receive comment. 

The importance of the problem is recognized by surgeons who have per- 
formed operations for supposed acute appendicitis, ectopic pregnancy, or some 
other situation requiring surgical intervention, and who have found only a 
ruptured ovarian structure. The bleeding from the ovary is, of itself, usually 
not important, but cases have been reported and have been seen in this hospital 
in which blood loss has been severe. Some of the published articles on the sub- 
ject have discussed especially the diagnosis and treatment of the resulting intra- 
abdominal hemorrhage. This study has been made to emphasize the importance 
of minimal bleeding from the graafian follicle or the corpus luteum as a cause 
of symptoms and, sometimes, signs that may suggest acute appendicitis or some 
other acute surgical disease of the abdomen. 


LITERATURE 


A few years ago, in a review of the subject, Hoyt and Meigs* reported 58 
eases. They stated that the symptomatology usually includes sudden pain in 
the right side of the lower abdomen with nausea, vomiting, prostration, and 
faintness proportional to the amount of hemorrhage. Harris and Groper? estab- 
lished an arbitrary scale of varying amounts of blood loss with which they 
correlated symptoms according to the degree of hemorrhage. Both papers 
emphasized suddenness of the onset of pain, relationship to the midmenstrual 
eyele, low fever, and minor leucocytosis. Guy and Rotondi,' in a review of 52 
eases, considered the same findings important and, in addition, pointed out that 
a history of trauma or exertion was frequently elicited. The latter was sub- 
stantiated by Weil’ but not by Hoyt and Meigs. McLaughlin‘ reviewed 57 cases 
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and recorded one-half as cases of intracystic hemorrhage and one-half as ex- 
ternal rupture. It is possible that at least some of the intracystic hemorrhage 
cases might represent only the corpus hemorrhagicum which normally follows 
rupture of the follicle in the process of ovulation. He found that previous 
similar attacks had occurred irregularly in one-half of the patients. The right 
side is said to be more frequently the site of pain than the left. The treatment 
advised by the authors quoted is conservative. Neither partial nor complete 
excision of the ovary was advised. 
PRESENT SERIES 

In the 84 proved eases observed in the University of Virginia Hospital, 
symptomatie rupture of the ovarian follicle occurred most frequently during 
the late teens and early twenties; the youngest patient was 12, and the oldest 
44 years of age (Table I). The frequency is almost twice as great in unmarried 
as in married women. The series includes 80 white and 4 Negro patients. No 
specific relationship to occupation can be determined, although a large number 
of nurses are included in the series. In the description of the operation in these 
patients it was not usually stated whether the rupture occurred from a graafian 
follicle, a corpus hemorrhagicum, a corpus luteum, or some other small simple 
eyst of the ovary, but the differentiation probably is of little real significance. 
It is believed that in most of the cases rupture of graafian follicles or corpora 
lutea oceurred. | 








TABLE I 

Age 

Range 14 to 44 years 

Highest incidence 17 to 23 years 
Marital status 

Married 30 

Unmarried 54 
Race 

White 80 

Negro + 





History (Table I1).—Among the symptoms found in our patients, pain 
occurred in all. The pain began suddenly in 28 patients (33 per cent); in 22 
(26 per cent) development was gradual; and in 34 this point was not specified. 
It was found in various locations, but in 46 patients (55 per cent) the pain 
began and persisted in the lower abdomen on the right side. In 13 patients 
(15 per cent) the abdominal pain was first generalized, in 12 (14 per cent), 
first epigastric in location, and in 2, low abdominal, shifting later to the right 
side of the lower abdomen. In 2 patients the pain began and persisted in the 
left side of the lower abdomen. In 4 patients (5 per cent) the pain commenced 
and remained bilaterally in the lower abdomen, and in 2 it began and continued 
generalized throughout the abdomen. Three patients (4 per cent) described 
onset in the right lower quadrant, later becoming generalized abdominal pain. 
Rarely, radiation of the pain to the lumbar area of the back, the right flank, the 
right hip, the right shoulder, or the right scapula was noted. Twenty-five pa- 
tients (30 per cent) described the pain as constant and continuous, 30 (35 per 
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TABLE II 
SYMPTOMS | NUMBER | PERCENTAGE 
Pain 
Occurrence 84 100 
Type of onset 
Sudden 28 33 
Gradual development 22 26 
Not specified 34 
Location 
Onset and persistence in right lower quadrant 46 55 
Onset, generalized, shifting to right lower quadrant 13 15 
Onset epigastric, shifting to right lower quadrant 12 14 
Onset and persistence lower abdomen, bilaterally 4 5 
Onset right lower quadrant, shifting to generalized 3 4 
Onset low abdomen, shifting to right lower quadrant 2 
Onset and persistence in left lower quadrant 2 
Onset and persistence generally throughout abdomen 2 
Character 
Constant 25 30 
Intermittent 3 35 
Not specified 29 
Radiation 
Back 4 
Right flank 2 
Hip 1 
Scapula 1 
Shoulder 1 
Nausea 67 79 
Nausea and vomiting 22 26 
Fainting 1 
Previous similar episodes 23 27 





cent) described it as intermittent and cramping, and in 29, these points were 
not defined. The pain was designated as severe by 33 of patients (39 per cent), 
moderate by 19 (23 per cent), and mild by 9 (11 per cent). Other symptoms 
included nausea in 67 patients (79 per cent) and active vomiting in 22 (26 per 
cent). Only 1 patient gave a history of fainting. Twenty-three patients (27 per 
cent) gave a history of a previous similar attack which usually had subsided 
spontaneously in 2 or 3 days. A few individuals had suffered several similar 
episodes repeatedly in the past. 

In relationship to the menstrual cycle of the patients, symptoms began at 
various times. The habitual length of the menstrual cyele was not recorded in 
most eases. ig. 1 indicates the relationship of time of onset of pain to number 
of days since the onset of the last menstrual period. Relationship to trauma was 
not evident except in 2 cases in which the onset of pain occurred during sexual 
intercourse. 

Physical Examination and Laboratory Findings (Table II1).—Temperature 
varied from 98° F. to 100° F. in 90 per cent of the patients, the highest being 
101° F. Their pulse rates were usually between 80 and 100 per minute with 
extremes of 60 and 110. Tenderness was recorded in the right side of the lower 
abdomen alone in 74 (88 per cent), and in both lower abdominal quadrants in 
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TABLE IIT 
PHYSICAL FINDINGS 
Temperature 
Average range 98° F. to 100° F. 
Highest 101° F. 
Pulse 
Average range 80 to 100 
Extremes 60 and 110 
Tenderness Number Percentage 
Right lower quadrant 74 88 
Both lower quadrants 8 10 
Left lower quadrant 1 
Generally over abdomen 1 
Muscle spasm 21 25 
Pelvic adnexal tenderness 59 70 
Palpable pelvic mass 3 _ 








LALORATORY STUDIES 





Leucocyte count (per ¢.mm.) 
Average 
Extremes 


9,500 
4,000 to 21,000 








8 (10 per cent). One patient described only left lower quadrant tenderness, 
and 1, generalized tenderness over the abdomen. Definite associated muscle 
spasm could be detected in 21 (25 per cent). Pelvic examination revealed right 
adnexal tenderness in 59 (70 per cent). In only 3 (4 per cent), a mass was 
thought palpable preoperatively. Leucocyte counts averaged about 9,500 per 
e. mm. of blood, although extremes of 4,000 and 21,000 were recorded. 
Preoperative Diagnoses.—In over one-half of the cases the diagnosis of 
acute appendicitis was made. In 20 per cent bleeding from a ruptured follicle 
was suspected, with acute appendicitis as a second possibility. Other diagnoses 
included ectopie pregnancy, ovarian eyst, and pelvie inflammatory disease. 





Operative Findings and Treatment.—Laparotomy was performed in all 84 
eases herein analyzed. Spinal anesthesia was employed in practically all cases. 
A so-called MeBurney musele-splitting incision was used in 67 patients, a right 
paramedian incision in 16, and a left paramedian in 1. A ruptured follicle, 
corpus hemorrhagicum, or corpus luteum of the ovary was found in every 
patient, on the right in 79 and on the left in 5 eases. The amount of bloody 
fluid found in the peritoneal cavity varied. Although negligible in most cases, 
large amounts were observed, even to an estimated 1,500 ¢.c. in 1 instance. It 
was not possible to correlate the severity of symptoms or the character of 
physical findings with the amount of fluid present. Accompanying conditions 
found at operation included only 1 ease of acute inflammation of the appendix 
and 1 ease of Meckel’s diverticulitis. 

Operative procedures included appendectomy in all patients except 2 in 
which previous removal had been accomplished. Treatment of the ovary itself 
included nothing further than inspection in 45 patients, suture of a bleeding 
area in 32, excision of the area and suture of the defect in 5, and expression of 
a clot in 2. Oophoreetomy was not done in any patient. 
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Because of the difficulty of preoperative diagnosis of bleeding ovary which 
the preceding analysis emphasizes, an attempt was made to determine whether 


or not with increasing experience with this disease an improved diagnostic 
record was being obtained. Fig. 2 shows for each year of study the relationship 





Number of Cases 





G__ 0G 


30 32 34 36(90) 














Day of Menstrual Cycle 


Fig. 1.—Relationship of day of menstrual cycle to time of onset of pain in 82 analyzed 
cases. in 2 cases the time since onset of last period was not recorded. (It seems probable 
that the “fourteenth day’ may include several cases occurring 1 or 2 days before or after.) 
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Fig. 2.—Incidence by years of diagnoses of and operations for ruptured ovarian follicles 
(or cysts). 


of the number of total diagnoses made to the number of operations performed. 
(The irregular tendency to an inercase in the total number of cases is of no 
significance since during the period of study the capacity of the hospital was 
inereased on several occasions.) It will be noted that the proportion of opera- 
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tive cases to total diagnoses shows no tendency to decrease. Although, on account 
of the lack of proof of diagnosis in the patients not operated upon any con- 
clusion cannot be positive, a relatively large experience with the bleeding ovary 
does not seem to have resulted in an improved diagnostic record. 


DISCUSSION 


It is evident that rupture and bleeding from an ovary may be mistaken for 
other conditions which constitute surgical emergencies. This condition itself, 
as the source of progressive and profuse blood loss, may, however, constitute an 
emergency. 

It is apparent that no consistent pattern of symptomatology occurs. Pain, 
the 1 symptom common to all, usually begins in the lower abdomen, most fre- 
quently on the right side. It is, apparently, usually more severe than the pain 
of appendicitis. Operative findings indicate more frequent rupture of the right 
than the left ovary. This predominance may be only apparent, since, first, the 
publie has been educated to fear right-sided pain as indicative of appendicitis, 
and second, the surgeon, sometimes unable to make a positive diagnosis, is prone 
to investigate more carefully pains in the lower abdomen on the right side than 
on the left. It is interesting to note that a considerable number of patients 
complained initially of pain in the epigastrium which later localized in the lower 
abdomen on the right side in striking similarity to the common history of acute 
appendicitis. 

Nausea, the second most frequent symptom, was accompanied by vomiting 
in relatively few patients. This fact may be of some value in differentiating 
between appendicitis and ovarian bleeding. Shoulder pain occurred rarely even 
in those patients in whom there was sufficient fluid to extend upward and to 
produce diaphragmatic irritation. Leucocytosis was frequent but seldom 
marked, even as in acute appendicitis. Slight temperature and pulse elevations 
were found in many patients. 


The relationship between pain in the abdomen and the rupture of a graafian 
follicle midway in the menstrual cycle has been emphasized before and has been 
substantiated in our eases. In the 84 patients of our series not subjected to 
operation, coincidence of symptoms and estimated time of ovulation fortified 
the diagnosis and hence led to the avoidance of operation. Rupture of the 
graafian follicle for ovulation is said to occur usually between the ninth and 
twentieth day of the menstrual cycle, most commonly between the eleventh and 
fourteenth. Because it has been shown® that there is probably a more constant 
relationship between the time of follicular rupture and the following rather than 
the preceding period, knowledge of the habitual length of menstrual cycles 
might have been of some value. While by no means constant, there were in 
general more instances of bleeding toward the middle of the intermenstrual 
phase of the eyele than at other times. Bleeding from the ovary not associated 
with ovulation may be due to rupture of a corpus hemorrhagicum, a corpus 
luteum, or a retention cyst of the ovary. It should be mentioned that the ovary 
also may be a site of endometriosis, and although there was no evidence that 
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any such cases were included in this series, the occurrence of bleeding from the 
ovarian surface at the time of a menstrual period might be related to such a 
condition. 

A wide experience with the bleeding ovary over a period of many years 
apparently has not improved diagnostic capacity in this hospital, leading to 
avoidance of operation. This serves to re-emphasize the difficulty of preoperative 
differential diagnosis between bleeding ovary and the other conditions that 
oceur. 

As already mentioned, conservative treatment of the ovary is indicated. 
Suture for hemostasis may be occasionally necessary. Oophorectomy seldom, if 
ever, is indicated. All ovarian tissue should be conserved if possible. 

These eases call attention to the relatively frequent occurrence of a condi- 
tion which has received too little notice. Clinical manifestations are inconstant 
and a positive diagnosis without exploration is not always possible. In doubtful 
instances operation may be safest. Reeognition of such a state at the time of 
operation may explain an otherwise obscure case and may be the means of con- 
serving valuable ovarian tissue. 


SUMMARY 


1. Symptoms believed to be caused by bleeding from an ovary were re- 
corded on 172 patients. In 84, the diagnosis was verified at operation. In 88, 
the diagnosis seemed so certain and symptoms and signs so minimal that opera- 
tion was not considered necessary. 

2. Symptoms, signs, operative findings, and treatment were analyzed in the 
84 patients subjected to operation. 

3. Attention was called to the difficulties of differential diagnoses in such 
patients whose histories and findings simulate acute appendicitis, ectopic preg- 
naney, and other acute abdominal emergencies, and to the fact that increasing 
experience with the disease apparently does not make such differentiation more 


successful. 
4. It was pointed out that treatment should be conservative with preserva- 


tion of all ovarian tissue. 
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A SIMPLY CONSTRUCTED ABDOMINAL SUPPORT FOR 
POSTURAL HYPOTENSION 


Harris B. SHUMACKER, JR., M.D., AND H. HASKELL ZIPERMAN, M.D., 
INDIANAPOLIS, IND. 


(From the Department of Surgery, the Indiana University Medical Center) 


HE surgical treatment of hypertensive disease is often followed by a period 

of postural hypotension of such magnitude as to necessitate the use of some 
sort of abdominal support and some type of cireular compression about the 
lower extremities. The latter need can generally be met satisfactorily and cheaply 
by the utilization of ordinary elastic bandages.* As a general rule a com- 
merically made spring-back abdominal support is used for abdominal com- 
pression.* Though these belts are quite satisfactory, certain disadvantages are 
associated with their use. In our experience one ean never predict beforehand 
whether abdominal support will be required but must wait until the second 
stage of the operation is completed and the patient’s ability to stand unsupported 
or with elastic bandages about the lower extremities is tested. In spite of every 
effort at cooperation, the procurement of such made-to-measure abdominal sup- 
ports requires a period of from one to two weeks or even longer. Such a wait 
often adds considerably to the length of hospitalization and consequently to 
its cost. In addition, the belt itself is not inexpensive. Furthermore, it not 
infrequently happens that the belt can be discarded within a few days or weeks 
after it has been obtained and the patient has been made ambulatory. In an 
effort to obviate any unnecessary delay we have on oceasions ordered the belt 
beforehand. If such a policy is followed, however, the patient often purchases 
an abdominal support he never needs to wear, since not infrequently no signifi- 
eant postural hypotension develops. Because of these considerations we have 
designed an abdominal support which is perfectly satisfactory and which can 
be constructed within an hour or so in almost any hospital workshop and with 
very little expense. 

A wide belt is made of a double thickness of heavy duck material of proper 
length and width so that it fits comfortably around the patient’s abdomen. It 
is fitted with simple buckles and with shoulder and perineal straps. On the 
inner aspect of the mid-portion of the belt are two large pockets open at the 
top. The innermost is just large enough to contain the rubber bag from an 
ordinary sphygmomanometer cuff. The one in front of it is a little larger and 
into it is placed an ovoid piece of aluminum sheeting cut of appropriate size so 
it ean be worn comfortably. It is bent somewhat so as to conform better to the 
curvature of the abdominal wall (Fig. 1, B). The bag and plate are held in 
their respective pockets by snaps. The assembled belt (Fig. 2) is put on the 

Received for publication, May 8, 1950. 

*The G-suits constructed for use of pilots serve as excellent supports both for abdomen 
and lower extremities; if desired the abdominal part and the leggings can be used _ inde- 
pendently. Though these suits are imminently satisfactory and, indeed, probably provide the 
most effective method of dealing with extreme postural hypotension, their use is definitely 
limited by their general unavailability. Our initial experiences with these suits followed the 
suggestion of their suitability by S. C. Harvey. 
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Fig. 1.—Photograph of the component parts of the abdominal support; A, rubber bag 
and bulb from sphygmomanometer cuff; B, shield of aluminum sheeting; and C, the canvas 
belt showing the two pockets. 





Fig. 2.—Photograph of the assembled abdominal support. 
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patient snugly (Fig. 3) and the bag inflated by means of the bulb, the other 
tube leading from the bag being occluded with a screw clamp. The patient 
readily acquires good judgment as to the proper degree of inflation—one 
compatible with comfort and sufficient to maintain adequate blood pressure. 
The entire belt costs only a few dollars. It can be kept clean by washing. In- 
deed, discarded belts can often be altered slightly so as to fit another patient. 





Fig. 3.—Photograph of patient standing with abdominal support in place. 


After obtaining a fairly large experience with the use of this type of belt, 
we have the impression that it is comparable in effectiveness to the commercially 
produced abdominal supports. It has the advantage of immediate procurability 


and insignificant cost. 
SUMMARY 
An inexpensive and easily constructed abdominal support for use in cases 
of postural hypotension is described. 








A SURGICAL APPROACH TO ATELECTASIS OF THE NEWBORN 
INFANT 


A PRELIMINARY REPORT 


ELpon BERGLUND, M.D.,* anp W. P. Eprer, M.D.,+ MINNEAPOLIS, MINN. 


(From the Pediatric and Pediatric Surgery Services, Minneapolis General Hospital, College 
of Medical Sciences, Medical School, University of Minnesota) 


TELECTASIS of the newborn infant is a well established clinical and 

pathologie entity. Its association with prematurity, and, therefore, with 

the other physical characteristics of incomplete development, has placed this 

entity in the unfortunate position of being considered irreparable. The small, 

feeble infant is subject to impact of independent maintenance of physiologic 

functions before cellular development is adequate. When faulty aeration and 
resultant hypoxia are added, the prognosis is exceedingly grave. 

Farber and Wilson’? have described in detail the gross and microscopic 
appearance of atelectasis of the newborn infant. A distinction should be made 
between initial atelectasis and atelectasis of a lung that has been expanded but 
subsequently collapsed. They attribute the primary pathogenesis of initial 
atelectasis to a cohesion of the moist surfaces of the air passages in the collapsed 
lung. The factors of imperfect development of the respiratory center and the 
thorax were considered to have a more secondary role. These authors also 
pointed out that 15 per cent of infants with atelectasis who came to autopsy had 
bronchial obstruction due to aspirated contents of the amniotic sac. However, 
the aspirated material could not be demonstrated to be an adequate cause of 
the extensive atelectasis in these cases. They were able to expand the intact but 
atelectatic lung removed at post-mortem examination from infants who had died 
of congenital atelectasis. They accomplished this by the use of an apparatus 
similar to the Drinker respirator. 


DIAGNOSIS 


The diagnosis of diffuse atelectasis in the newborn infant is difficult to estab- 
lish by roentgenogram. However, the clinical picture is usually sufficient to 
establish a diagnosis. The disease most frequently occurs in premature but may 
occur in full-term infants. The symptoms may appear immediately after de- 
livery or may not become manifest until several hours later. Cyanosis which 
develops within a few minutes after the child is removed from an oxygen-en- 
riched atmosphere and which is quickly relieved by oxygen is the most important 
clinical sign. This is usually accompanied by moderate or marked retraction 
of the area of attachment of the diaphragm to the ribs and sternum (diaphrag- 
matie tug) and the suprasternal notch. Auscultation may reveal nothing ab- 
normal or there may be some decrease in the intensity of the breath sounds and 
occasional crackling rales. The respirations are shallow, rapid, and mainly 
abdominal. There is frequently a respiratory grunt. 

The presence of congenital heart disease may be excluded by auscultation, 
by x-ray examination, and by the clinical response to oxygen. Cyanosis in- 
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duced by congenital heart disease is little affected by oxygen. The presence of 
brain injury should be excluded by neurological examination. 

There is evidence’? that many, if not most, infants are born with some 
degree of atelectasis. The majority have no clinical signs of atelectasis. Of 
those who do have clinical evidence of atelectasis, a certain proportion will re- 
cover spontaneously over a period of 1 to 2 days. There still remains a large 
number of infants who become progressively worse as manifested by intensifica- 
tion of the cyanosis, deepening of the retractions, and exhaustion. Their fatal 
course is seldom influenced by symptomatic treatment. 


TREATMENT 

The treatment of atelectasis of the newborn infant has been primarily symp- 
tomatic. Holt and McIntosh’ stated that, ‘‘The physician should see to it that 
the newborn infant cries loudly, even if this requires cutaneous stimulation. 
The administration of oxygen may serve to tide an atelectatic infant over a 
eyanotie attack, but does not help him expand his lungs.’’ Aspiration of am- 
niotic contents, if suspected, can be removed by direct suction. Successful at- 
tempts at removal of apparent bronchial obstruction have been reported using 
a specially designed bronchoscope. 

Bronchoscopy or tracheal suction could be expected to relieve the atelectasis 
in a small proportion of the seriously ill infants. Bronchoscopy did not help in 
any of the 3 eases we are reporting. 

The surgical approach to the relief of the congenital atelectasis was proposed 
by Dean Crystal of Seattle, Wash., at a pediatric meeting in September, 1948. 
Subsequently, one of us (E.B.B.) has cared for 3 infants who were treated with 
thoracotomy and application of positive pressure as outlined below. Two of 
these infants were born at Madigan General Hospital, Tacoma, Wash., and the 
third at the Minneapolis General Hospital. 

CasE 1.—D., a baby girl, was born Sept. 16, 1948, at Madigan General Hospital. The 
birth weight was 5 pounds, 12 ounces. Delivery was from a transverse presentation and 
amniotic fluid apparently was aspirated during delivery. The child was cyanotic for 3 
minutes after birth before oxygen could be started. From birth on, respirations were 
labored and there was noticeable retraction of the infracostal areas. Cyanosis appeared 
whenever the oxygen mask was removed. There was no evidence of congenital heart 
disease or cranial injury. During the following 2 days, the child’s condition gradually 
became worse. The infracostal retractions deepened, the cyanosis became more intense 
when the oxygen was removed, and the child approached a state of complete exhaustion. 
Bronchoscopy did not alleviate the condition. A portable chest roentgenogram was not 
diagnostic. On Sept. 18, 1948, the child was taken to Providence Hospital in Seattle. The 
trachea was again aspirated without affecting the child’s condition. A thoracotomy was 
performed* through the left anterior chest, removing a portion of the sixth rib. The left 
upper lobe was found to be almost completely atelectatic and the left lower lobe was 
partially atelectatic. Positive pressure was applied from above through a tight-fitting 
face mask and the atelectatic areas expanded rapidly. The child tolerated the procedure 
well and at its completion appeared almost completely relieved of the atelectatic symptoms. 
Convalescence was uneventful. When last seen in November, 1948, she appeared com- 
pletely well. 

CasE 2.—D., a baby boy, was born at Madigan General Hospital on Sept. 23, 1948. 
Delivery was by cesarean section because of pelvic dystocia. The obstetrician believed that 


*By Dr. Dean Crystal. 
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no amniotic fluid was aspirated during delivery. The birth weight was 4 pounds, 12 ounces. 
Cyanosis developed shortly after birth and continued to appear whenever the child was 
removed from oxygen. The respirations were labored and grunting in nature and a whining 
cry was present. (A previous pregnancy in the mother of this child had been terminated 
by cesarean section with delivery of a 4 pound, 15 ounce child who died 24 hours after 
birth with congenital atelectasis.) 

Auscultation of the lungs revealed no abnormalities. There was no evidence of con- 
genital heart disease or brain injury. A chest roentgenogram was interpreted as showing 
a slight generalized decrease in aeration of both lungs, indicative of a disseminated 
atelectasis. Routine laboratory tests were normal. During the first 2 days after birth, 
the child’s condition became worse. Retractions, which had been moderate at birth, be- 
came severe; a greater degree of cyanosis developed more quickly when oxygen was re- 
moved. It was the opinion of the several doctors concerned with his care that he would 
not survive with symptomatic treatment. On Sept. 25, 1948, the trachea was suctioned 
and positive pressure was applied* through a face mask. No improvement in the child’s 
condition resulted. A thoracotomy was then performed.t The chest was entered through 
the sixth rib on the left anteriorly. Numerous areas of patchy atelectasis of both lobes 
of the left lung were observed. When positive pressure was again applied, the areas of 
atelectasis cleared. At completion of the procedure, the retraction was much less marked, 
the breathing less labored, and the color out of oxygen improved. In this, as in the other 
2 eases reported, it was believed that atelectasis of the right lung, which undoubtedly 
existed, was relieved because opening of the chest allowed the left lung to protrude into 
the wound and the mediastinum to shift, giving the right lung room for expansion. Con- 
valescence was complicated by an episode of diarrhea which was infectious on the ward 
at the time. There were no respiratory complications. When last seen, several months 
after birth, he appeared perfectly well. 

CASE 3.—J. (MGH No. 5693-A), a baby girl, was born on Aug. 26, 1950. Delivery was 
by low forceps and breathing was spontaneous. Birth weight was 2,110 Gm. 

Gestation had been uncomplicated and was of approximately 34 weeks’ duration. 

The infant was immediately placed in an incubator. Although the respirations were 
noted to be rapid and shallow, the infant’s color was good. Continuous oxygen was ad- 
ministered. There was moderate inspiratory depression of the lower half of the sternum. 
Physical examination was otherwise negative. On Aug. 27, 1950, the infant was noticed 
to become cyanotic when the incubator was allowed to be open for a very short time. 
Cyanosis also appeared whenever the infant was offered feedings. Respirations remained 
rapid, shallow, and labored. Cyanosis was not evident during the administration of oxygen. 

On Aug. 28, 1950, the infant appeared much weaker. Feedings were discontinued 
because of the attending cyanosis and poor general condition of the infant. Sternal re- 
traction was still present. Because of this rapidly deteriorating condition of the infant, 
thoracotomy was decided upon and the infant was taken to the operating room. 

The pharynx was suctioned under direct vision through a laryngoscope} and a catheter 
was inserted into the trachea to remove secretions. Only a small amount of watery mucous 
was obtained. Careful aspiration of the trachea is felt to be essential in establishing the 
presence of an unobstructed respiratory tree. A dry airway is also necessary prior to 
the application of positive pressure. With a tight-fitting mask, oxygen was administered. 
Positive pressure was applied intermittently over a period of 40 minutes. When the posi- 
tive pressure was increased to 18 em. of water, cyanosis was evident in spite of the oxygen. 
Cyanosis, sternal retraction, and labored respirations returned within 60 seconds after 
the oxygen was discontinued. 

The infant was then placed with the left thorax elevated approximately 45 degrees. 
The skin and subcutaneous tissues over the left fifth rib from the lateral border of the 
latissimus dorsi to the lateral border of the pectoralis major were infiltrated with 1 per 
cent Novocain. Through a 6 em. incision, the intercostal bundle in the fourth interspace 
*By Dr. Bonica, consultant anesthesiologist. 
7By Dr. Rolland Pinkham, consultant chest surgeon. 
tBy Dr. Christine Furman, anesthesiologist. 
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was identified and divided. The left pleural space was then entered. The ribs were re- 
tracted by means of a small mastoid retractor. 

The left lung had the following appearance: The edges of each lobe appeared pink 
and crepitus was present to a depth of not more than 1 em. The remainder of the lung was 
a deep purplish red in color. The consistency was firm and not unlike that of muscle. 
The pleura and underlying parenchyma had a peculiar quilted appearance. The pericardial 
sac was not in contact with pulmonary tissue except at its base. The entire lung ap- 
peared to hug the posterior thoracic wall. 

With the application of the positive pressure, the mediastinum shifted to the left 
and the left lung protruded from the thoracotomy wound. A portion of the more peripheral 
segments of the lung were observed to expand when the positive pressure was increased to 
10 to 12 em. water. However, 14 cm. of positive pressure were necessary to expand the 
hilar portions of the lung. As each segment of lung expanded, a distinct audible crackle 
was heard. The lung was gently massaged with the finger to facilitate expansion and to 
visualize all portions of the lung. The remarkable change in appearance of the expanded 
lung as contrasted to the previously atelectatic lung was striking. With moderate positive 
pressure maintained, the wound was closed with sutures placed around the adjacent ribs. 
The skin was closed and a collodion dressing was applied. 

Immediately postoperatively, the sternal retraction was noted to be markedly de- 
creased. Cyanosis did not reappear in the absence of oxygen and the infant’s color was 
excellent. The respiratory rate was 36 as compared with a preoperative rate which varied 
from 54 to 100. The infant was placed in the incubator and returned to the premature 
nursery. Oxygen was administered during the first 4 postoperative days as part of routine 
premature care. Chemotherapy was instituted postoperatively and maintained for 7 days. 

The entire postoperative course was uncomplicated. Cyanosis did not reappear at 
any time when the infant was removed from the incubator and routine feedings were 


instituted. Weight gain was progressive. 


Comment.—The question naturally arises as to the necessity of doing a 
thoracotomy, in addition to applying positive pressure to relieve the atelectasis. 
In 2 of the reported cases, positive pressure was applied before thoracotomy 
but without beneficial effects. Flagg has reported his experience in which he 
found it impossible to insufflate an infant lung with a pressure of 25 mm. Hg 
for a period of 5 seconds in situ but easy to insufflate the lung under water at 
post-mortem examination.* Thoracotomy also enables the operator to visualize 
the lung and thus to determine the degree and duration of pressure to be applied. 
Thoracotomy is apparently well tolerated by even the premature infant. The 
use of an intratracheal tube for insufflation might be advantageous but is prob- 
ably not necessary in most instances. 

CONCLUSIONS 

1. The pathogenesis, diagnosis, and treatment of atelectasis in the newborn 
infant is briefly reviewed. 

2. A surgical approach to the problem and ease reports of 3 infants sue- 
cessfully treated are presented. 
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AEROBACTER AEROGENES MENINGITIS SUCCESSFULLY TREATED 
WITH STREPTOMYCIN 


JAMES HELSPER, M.D.,* AND JOHN BoNzEr, M.D.,+ JERSEY City, N. J. 
(From the Department of Medicine, Jersey City Medical Center) 


EROBACTER aerogenes, a gram-negative bacillus, and a relatively fre- 

quent”? inhabitant of the colon, is an infrequent pathogen in man. It has 
been principally found in urinary tract infections?* and has been shown to be 
streptomycin-sensitive.’-* The clinical instances where it has been reported to 
have invaded the meninges or central nervous system are somewhat confusing 
because of the difficulty in distinguishing A. aerogenes from Klebsiella pneu- 
moniae. 

The following is a case report of a patient we have recently observed with 
meningitis which we definitely believe was due to this organism. The case fol- 
lowed spinal anesthesia for appendectomy and the patient subsequently re- 
covered after treatment with streptomycin. 


CASE REPORT 


An 18-year-old white female clerk was admitted to the Communicable Disease Hospital 
of the Jersey City Medical Center on Aug. 31, 1948, at 10 P.m., with the chief complaints 
of severe headache, high fever, marked neck stiffness, dull aching back pain, and malaise. 

The patient had been apparently well until 8 days before admission, when she developed 
right lower quadrant pain associated with nausea and anorexia. After a period of observation, 
she was admitted to another hospital where an appendectomy was performed under spinal 
anesthesia. 

On the first postoperative day the patient developed headache and slight neck stiffness. 
These symptoms increased in severity, and on the fifth postoperative day they were accom- 
panied by nausea and continuous vomiting. A spinal tap was performed and gram-negative 
bacilli were found. She was given 9 Gm. of sulfadiazine intravenously, two 0.2 Gm. doses of 
streptomycin, and 100,000 units of penicillin before transfer to our hospital was accomplished 
on the eighth postoperative day. 

Physical examination on admission to this hospital revealed an acutely ill, well-developed, 
and well-nourished white girl. The blood pressure was 120/80, temperature (rectal) 105.0° F., 
pulse 120, and respirations were 22. Pupils were round and equal and reacted to light and 
accommodation. Extraocular movements appeared normal. Sclera were clear and the fundu- 
scopic examination was negative. The tongue had a yellowish cast; the posterior pharynx 
and tonsillar pillars were markedly injected and there was slightly mucous discharge. Ear 
examination was negative. The neck was very stiff, with spasm of the posterior cervical 
muscles associated with moderate tenderness. The lungs were clear to percussion and 
auscultation. The heart was normal in size; rhythm was regular; no murmurs were heard. 
Abdominal examination revealed a low right rectus scar closed with clips which were still 
present. There was no tenderness, heat, swelling, redness, or drainage about the scar. 
Neurological examination revealed a markedly clouded sensorium, bilaterally equal deep reflexes 
with no pathologie reflexes. There were positive Brudzinski’s and Kernig’s signs. Skin 
examination was negative. 
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Laboratory examination revealed a 4.27 million red blood cell count, 6,100 white blood 
cell count, 60 per cent polymorphonuclears with a shift to the left, 2 per cent monocytes, 
36 per cent lymphocytes, and 2 per cent eosinophiles. Urine examination was negative. Non- 
protein nitrogen was 24 mg. per cent. Blood sugar was 168 mg. per cent, which was reported 
the following day as 90 mg. per cent. Blood serology was negative. Initial spinal tap showed 
increased pressure and cloudy turbid fluid. There were 620 white cells, 90 per cent of which 
were polymorphonuclears, and the remainder lymphocytes. There were a few red blood cells. 
The spinal fluid sugar level was 6 mg. per cent, which was repeated 3 times on 2 different 
filtrates. The protein level was 45 mg. per cent. The serology was negative and the colloidal 
gold curve flat. Spinal fluid culture revealed A. aerogenes. Initial blood culture also revealed 
A. aerogenes. Subsequent spinal fluid findings are shown in Fig. 1. 
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Fig. 1.—Showing temperature chart, streptomycin treatment, and spinal fluid findings in 
our patient with A. aerogenes meningitis. 


The bacteriologie report showed on initial smear a gram-negative thick rod about 5 mu 
in length, occurring in chains and singly. After culture the organism appeared about 2 to 3 
mu in length. The organism was nonencapsulated, motile, and grew well in ordinary media 
in small, discrete, nonmucoid, nonstringy colonies. 

It did not liquify gelatin and fermented lactose with gas and acid. 
as IMViC.* Agglutination tests with Friedlinder’s serum were negative. It required 20 ug. 
of streptomycin per milliliter to inhibit growth. A subculture was sent to the United States 
Public Health Laboratories in Washington where the findings were confirmed and the organism 
was reported to be definitely A. aerogenes. 

Ten hours after admission, a repeat spinal tap was done and 50 mg. of streptomycin 
were introduced into the spinal canal. Concomitantly the patient was given 330 mg. of 
streptomycin intramuscularly, which was repeated every 4 hours so that 2 Gm. were given every 


It was classified 


, *Indole production, methyl red, Voges-Proskauer, and citrate utilization tests in that 
order. 
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24 hours. The patient received a total of 37 intramuscular doses in 614 days. The intrathecal 
dose was repeated each day for 5 days. The patient was maintained flat in bed until the 
sixth hospital day. The patient appeared markedly toxic for the first 3 hospital days, 
responding feebly to spoken stimuli. She was given 3,000 ml. of intravenous fluids per day, 
2,000 ml. of which were 5 per cent glucose in saline solution and the remaining 1,000 ml. were 
5 per cent glucose in water with supplementary amounts of the soluble vitamins in the infusion. 
The fourth hospital day, the patient appeared dramatically improved and manifested thirst. 
She was given sips of water which she tolerated. The following day intravenous fluids were 
decreased by one-half, and she was given a liquid diet. On the sixth hospital day, the 
intravenous fluids were discontinued and she was given a soft diet. The nuchal rigidity 
persisted in decreasing intensity for 2 days and the patient coriplained of headache until 
the fourth hospital day. She complained of backache until the fifth hospital day and com- 
plained of weakness until the twelfth hospital day. The patient was discharged on the 
thirteenth hospital day, free of all symptoms. Subsequent correspondence with the patient 


ascertained she had returned to her job. 


DISCUSSION 


In reviewing the literature in an attempt to find cases of A. aerogenes 
meningitis, either idiopathic or following spinal tap, considerable confusion was 
encountered. Sherman,’ in 1922, reported a case of a 3-day-old infant who died 
in convulsions; a gram-negative rod, which they called A. aerogenes, was re- 
covered at post-mortem from the spinal fluid. Barrie,® in 1941, reported 11 
cases of post spinal anesthesia meningitis in which a gram-negative rod was 
found which was not identified. This work was reviewed by Garrod’ in 1946. 

Ransmeier and Major,® in 1943, reviewed 29 cases of meningitis caused by 
Friedliinder’s bacillus from the world literature, and 1 ease of their own. They 
included 3 eases of aerogenes meningitis: one case of Bietzke in 1904,° another 
of Deane and Shera’® in 1928, and the last of Davis and Fernando” in 1935. 
Death was the final outcome in under 18 days in all 3 eases. 


TABLE I. THOSE CASES FOUND IN WORLD LITERATURE IN WHICH AEROBACTER AEROGENES 
Was THOUGHT TO BE ISOLATED 











CASE 
NO. PUBLISHED BY | YEAR | SEX | AGE OUTCOME 
1 Scheib16 1900 " * Death 
2 Beitzke9 1904 M 3 wk. Death 18 days 
3 Noeggerath!7 1907 ™ 5 Death 
4 Shermans 1922 M 7 days Death 4 days 
5 Deane & Sheral?e 1928 F VA $F. Death 9 days 
6 Shaws 1931 ' 96 Death 
7 Fothergill & Sweet19 (Case 5) 1933 M 4 days Recovery with 
hydrocephalus 
8 Davis & Fernando? 1935 F 29 yr. Death 9 days 
9 Hensel20 1938 M 4 Death 
10 DeBakey & Pulaski!2 1946 . ? Death 9 hr. 
11 Hough & Adelson13 1947 M 8 wk. Death 30 days 
12, 13, 14 Neill & Blechman5 1947 . ” Deaths 
(Cases 6, 7, 10) 
15 Case report 1947 M 7 Recovery t 
16 Paine & associates!4 1947 F 38 yr. Recovery 
17 Helsper & Bonzer 1950 F 18 yr. Recovery 





*Not given. 
¢#This patient was treated with penicillin and sulfadiazine without success and then 
chloral hydrate 200 mg. was administered intrathecally, after which the patient recovered. 
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Hough and Adelson™ reported a case in which aerogenes was cultured from 
the spinal fluid; the patient died after 30 days but aerogenes was not isolated 
from the meninges at post-mortem. 

One patient (Case 16), found by Paine and associates,’* was successfully 
and similarly treated with intrathecal and intramuscular streptomycin. 

The use of streptomycin in our case therefore confirms their work. How- 
ever, their dosage was considerably greater, using an initial intrathecal dosage 
of 200 mg. followed by 100 mg. on the second day and then 50 mg. twice daily. 
It is felt that, in general, the incidence of toxic effects in the central nervous 
system generally observed in intrathecal streptomycin and in their case following 
the initial intrathecal dose can be greatly minimized by using the 50 mg. daily 
dosage without sacrificing the antibacterial effect of the drug. 

In view of recent work with aureomycin and Chloromyecetin in treating 
other A. aerogenes infections it may be subsequently shown that meningitis of 
this bacteriologic origin may be better treated by them. 

However, in 3* similarly treated cases there were 2 recoveries, and this in a 
disease, however rare, which previously had almost a 100 per cent mortality, 
seems markedly significant and should be reckoned with in the therapeutic 
regimen. 

SUMMARY 


A ease of A. aerogenes meningitis with bacteremia following an appendec- 
tomy with spinal anesthesia which was successfully treated with streptomyein 
is reported. 

Sixteen eases in which A. aerogenes was thought to have been cultured 
from the spinal fluid were found in the world literature. These cases have been 
briefly reviewed. 


Acknowledgment.—The authors are grateful to Dr. Emilie Rundlett for permission to 
report this case and to Dr. Angelo M. Gnassi for laboratory studies. 
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SIMPLIFIED APPROACH TO PITUITARY REGION BY ONE AND ONE- 
HALF INCH TREPHINE 
WILLIAM BEECHER SCOVILLE, M.D., AND RoBERT McLAurIn, M.D., 
HARTFORD, CONN. 
(From the Neurosurgical Department of the Hartford Hospital) 





NEW approach to the anterior fossa and the region of the sella turcica is 
A deseribed. The method employs a rapid cutting trephine 114 inches in diam- 
eter* placed subperiosteally, well lateral, and immediately above the orbital 
ridge. Replacement of the bone button is made with or without wiring. This 
approach has been found to provide adequate intracranial exposure and is ad- 
vocated because of its simplicity and extreme saving in time. It has been used 
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Fig. 1. 


suecessfully in fifty-five operations, including removal of pituitary and supra- 
sellar tumors, Naffziger orbital decompressions, ligation of anterior cerebral 
aneurysm, ventriculostomy, and selective undereutting of the orbital cortex for 
certain cases of psychosis, neurosis, and intractable pain. Such 114 or 2 inch 
trephines have proved of equal value for the rapid exposure of tumors and eysts 
throughout other areas of the brain. 


Presented before the American Academy of Neurological Surgery, Portland, Oregon, Oct., 
1949. 

Received for publication, May 30, 1950. 

*Manufactured by Codman & Shurtleff, Inc., 104 Brookline Avenue, Boston, Mass. 
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ACUTE SUPPURATIVE APPENDICITIS WITH PERFORATION 
RESULTING FROM METASTATIC CARCINOMA 


Report OF A CASE 


ALVIN GoLpFrarB, M.D., AND J. ZUCKNER, M.D., Sv. Louis, Mo. 
(From the Laboratory and the Department of Surgery, The Jewish Hospital of St. Lowis) 


HE association of appendicitis with measles,! tubereulosis,? malaria,* upper 

respiratory infections, and so on,* * * 7 ig well known. Moreover, other dis- 
ease processes may mimic appendicitis. Diabetic ketosis, pneumonia, typhoid 
fever, and infectious hepatitis® ® are such instances. One must also be mindful 
of the fact that 2, or even more, disease processes can and often do exist 
simultaneously. This is the condition which prevailed in the case to be de- 
seribed. 

Primary carcinoma of the appendix is a specific pathologie entity, to be dis- 
tinguished grossly and microscopically from other tumors arising in and about 
this general region.*-?® While carcinoids and carcinoma of the cecum adjacent 
to the vermiform appendix are fairly commonly seen, instances of carcinoma 
arising in the appendix per se are not so numerous. 

In a similar light, secondary involvement of the appendix from malignant 
foci elsewhere is an extremely rare finding.**-*!_ The ease herein presented seems 
to be only the second reported in the literature in which not only is metastatic 
carcinoma found in the appendix, but an acute, suppurative process as well.*® 


CASE REPORT 


S. B., 46 years of age, was admitted to the hospital on Jan. 23, 1949. He had had 
severe epigastric pains for 3 months, present primarily at night. X-ray studies at the time 
of the onset of his illness revealed a gastric ulcer, and he was accordingly placed on a specific 
dietary regimen. Improvement was short-lived and symptoms soon recurred, along with a 
weight loss of 25 pounds. 

On physical examination the only positive finding was that of a fullness in the right 
upper quadrant of the abdomen; no definite mass could be felt. All stools gave a 4 plus 
benzidene test, and gastric analysis revealed free hydrochloric acid. There was a 450 c.c. 
overnight gastric residual. Re-examination of the stomach after a 3 months’ interval revealed 
a defect involving the entire prepyloric region. The roentgenologic diagnosis was now 
carcinoma of the stomach. This was further substantiated by gastroscopic examination, 
which demonstrated a lesion on the lesser curvature side of the stomach on the posterior wall 
in the prepyloric (antral) area. 

Abdominal exploration was accordingly carried out on Jan, 31, 1949, under continuous 
(Novocain) spinal anesthesia. A large, prepyloric, locally invading lesion was found, with 
infiltration into the pancreas, greater omentum, and gastrohepatic ligament. In view of the 
local extension of the lesion resection was deemed ill-advised, and only an anterior gastro- 
enterostomy was carried out. The postoperative course was uneventful. Omental biopsy 
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revealed metastatic carcinoma, probably arising in the stomach. During the next several 
months the patient seemed to do fairly well. Except for minor eructations and mild symptoms 
of indigestion, he returned to part-time work following a specific dietary regimen and some- 
what restricted physical activity. 
On the night of July 29, 1949, he was suddenly awakened by severe abdominal cramps, 
nausea, and vomiting. Pain was localized in the right lower quadrant, but there were no other 


Fig. 1. 





Fig. 2. 


Fig. 1.—Photomicrograph of the proximal portion of the appendix illustrating the micro- 
scopic lumen and eccentric thickening caused by tumor in the wall (hematoxylin and eosin, 
« 20). | 

Fig. 2.—Photomicrograph of the djstal end of the appendix in the area of perfcration 
showing a wide, patent lumen (hematoxylin and eosin, X20). 
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gastrointestinal or genitourinary symptoms. The abdomen was distended and there was 
muscle guard over the entire right side, especially marked over McBurney’s point. Some 
rebound tenderness was present, and the liver was palpable about 3 em. below the right 
costal margin. Rectal palpation was negative. Pulse was 80, respirations were 20, tempera- 
ture was 98.2° F. (oral). The impression was acute appendicitis, or possible perforation of a 
primary or secondary (metastatic) lesion. 


Immediate operation was performed under Novocain (spinal) anesthesia. There was 
free, cloudy intraperitoneal fluid. The appendix, perforated about 2 em. from its base, was 
removed in the usual manner. The postoperative course was essentially uneventful and the 
patient was discharged from the hospital. 


The pathologic report on the appendix was as follows: The appendix measured 4 by 
2 by 1 em.; covering the surface was a green to dark-gray exudate. A perforation, measuring 
a few millimeters in diameter and communicating with the lumen, was found in the distal 
one-third. Sections through the proximal portion of the specimen revealed an area of 
eccentric thickening of the wall, which was firm in consistency and caused marked narrowing 
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Fig. 3.—Photomicrograph revealing anaplastic tumor cells in the muscularis, some of which 
are in glandular formation (hematoxylin and eosin, 450). 


of the lumen in this region (Fig. 1). At one point the lumen was too narrow to admit a 
probe. The wall in the region of the perforation was markedly hemorrhagie and the lumen 
contained a small amount of purulent material (Fig. 2). Microscopie sections through the 
proximal portion of the appendix revealed a tiny lumen lined by an apparently intact mucosa. 
Many atypical cells (Fig. 3) were present in the submucosa, muscularis, and subserosa, 
appearing as small clusters or as isolated cells; some gland formation was noted. These 
cells varied in size and were generally cuboidal in shape. The cytoplasm was pale eosinophilic, 
and the nuclei were large, hyperchromatic, and contained large nucleoli and infrequent mitotic 
figures. In the subserosal layer clumps of tumor cells were found in lymphatics. There was 
also hemorrhage in the subserosa. A scattering of polymorphonuclears was present thoughout 
the entire thickness, while on the serosal surface there was a dense deposit of polymorpho- 
nuclear leucocytes and fibrin. Microscopic sections through the distal portion of the appendix 
showed the usual picture found in gangrenous appendicitis, with marked necrosis, poly- 
morphonuclear infiltration, and hemorrhage, 
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Subsequent to surgery the patient pursued a steady, downhill course. He was read- 
mitted to the hospital on Nov. 3, 1949, at which time 6,900 ¢.c. of yellow, turbid fluid was 
obtained on abdominal paracentesis. He succumbed on Nov. 5, 1949, to a massive gastro- 
intestinal hemorrhage. Permission for post-mortem examination was not obtained. 


DISCUSSION 


In an attempt to explain the pathogenesis of the disease process, this case 
would illustrate the strong probability that metastatic carcinoma first obstructed 
the lumen, with subsequent development of an acutely inflamed appendix. On 
microscopic examination, although there existed a slitlike lumen, one could 
readily visualize an obstructive process resulting from the most minute amount 
of torsion, blockage from within, pressure from without, or edema of the wall. 
This would then seem to fulfill the criteria of pathogenesis for the majority 
of cases of acute appendicitis, and specifically the preceding case. Accordingly, 
although a rare entity, metastatic carcinoma may, we feel, be included among 
those causes given for obstruction to the vermiform appendix, resulting in an 
acute suppurative process. 

An extensive search through the literature has led to the conclusion 
that cases similar to that just presented are rare. The first and only other case 
of metastatic (secondary) carcinoma to the appendix, resulting in an acute 
suppurative process requiring surgical intervention, was reported by Oldfield®® 
in England. The patient was a 40-year-old white woman who had had a radical 
mammectomy for carcinoma 3 years and 8 months previously. At surgical 
exploration of the abdomen the appendix had perforated and subsequent patho- 
logic study revealed metastases of scirrhous (breast) cancer to the appendix. 

We have been unable to locate any other case reports, either in this or 
foreign literature, comparable to those just cited. Balker and Shapiro*’ reported 
2 eases found at autopsy, but these only as incidental findings. One showed 
metastases from the breast, the other from the stomach. In neither was an 
acute suppurative process or perforation noted. Cabot?” ** reported 2 cases in 
which there also was no associated acute appendicitis. 

From the preceding, one can justifiably conelude that the case reported 
is a rare entity. That malignant foci outside the appendix can and do metas- 
tasize to the latter is well recognized. It is surprising that the condition de- 
scribed here has not been reported more frequently, particularly since carcinoma 
of the cecum is not uncommon, and it might be expected that a number of cases 
of malignant disease of this segment of the bowel would secondarily involve the 
appendix. The lack of reports of such an event may either indicate that this 
occurs only rarely, or that its occurrence is not looked upon as an unusual 


complication. 
SUMMARY 


1. A case of metastatic carcinoma to the appendix resulting in acute ap- 
pendicitis is presented. This seems to be only the second case reported in the 
literature. 

2. Obstruction of the lumen of the appendix by tumor is suggested as the 
pathogenesis of the acute suppurative process. 
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SARCOMA ARISING IN A BRONCHIOGENIC CYST 


ALBERT BEHREND, M.D., AND CHARLES H. Kravitz, M.D., PHILADELPHIA, PA. 


(From the Jewish Hospital) 


ULMONARY eysts may arise from two types of tissue. Some have an origin 

in alveolar epithelium, while the remainder arise from a bronchus. Cysts 
which arise from alveolar epithelium are lined by alveolar cells which are usually 
air bearing. Cysts which arise from the bronchus are usually lined by columnar 
or cuboidal cells and in addition to containing air, may also contain various 
types of fluid, such as blood, pus, or serous exudate. Inasmuch as bronchiogenic 
eysts contain both epithelial and fibrous tissue elements, there is little reason to 
doubt that malignancy of various types might arise in such a cyst. Moersch and 
Clagett have called attention to the rarity with which such malignant change 
occurs and reported 2 cases of carcinoma arising in bronchiogenie cysts, which 
they believed to be the first reported. The case which follows is also unique be- 
cause a fibrosarcoma developed in a bronchiogenie cyst. 


CASE REPORT 


The patient, a 25-year-old white man, was admitted to the hospital on the Dee. 15, 1947. 
The chief complaint on admission was dull chest pain of intermittent character and a produc- 
tive cough which was occasionally blood streaked. These symptoms had been noted at intervals 
for about 4 years preceding a:lmission to the hospital. Im the past 7 weeks, he had lost 10 
to 15 pounds, and had had some night sweats. The sputum was usually yellowish or greenish. 

In 1942, while in the Army, he developed a severe cold. His temperature rose to 104° F. 
and he was hospitalized. A diagnosis of lobar pneumonia was made. In the month following 
this attack of pneumonia, he lost 41 pounds. He recovered sufficiently to be sent to North 
Africa, where he arrived in February, 1943. Shortly after his arrival, he was wounded by a 
piece of shrapnel which pierced the right chest. The wound was not severe, however. He 
was hospitalized in North Africa, where the metallic foreign body was removed, and returned 
to the United States for further treatment. From June, 1943, to January, 1944, the patient 
felt fairly well and regained 14 to 15 pounds of weight. While a patient at Walter Reed 
General Hospital, repeated x-ray examinations of the chest and bronchoscopic examinations 
were carried out and the diagnosis of a chronic pulmonary emphysema was confirmed. From 
December, 1944, until September, 1947, the patient enjoyed good health. On this basis he 
was discharged from the Army on December 7, 1944. However, in September, 1947, he 
noted chest pains, a productive cough, and hemoptysis. The sputum had a foul odor and was 
yellowish or greenish in color. There was no elevation of temperature at any time, although 
drenching night sweats had been experienced. 

Past medical history revealed that he had had repeated episodes of spontaneous 
pneumothorax since childhood. This information he failed to give the Army at the time of 
induction. Since his discharge from the Army, the patient had been working as an organic 
chemist and was exposed to the fumes of noxious gases. 

Physical examination showed a well-nourished, 25-year-old man who was not visibly 
short of breath. There was limited expansion of the right hemithorax. Breath sounds were 
absent, and dullness was present over the right chest inferiorly, laterally, and posteriorly, but 
the left chest was normal. Blood pressure was 120/72, pulse 80, and temperature 99.2° F. 

X-ray examination prior to admission to the hospital showed a homogeneous density 
obscuring the lower one-half of the right hemithorax. This was interpreted as being due to 
a pleural effusion. Thoracentesis was performed in the eighth interspace at the posterior 
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axillary line on the right side and 570 ¢.c. of prune-juice colored fluid was removed. A 
second thoracentesis was performed 3 days later and 600 ¢.c. of similar fluid were removed. 
Following thoracentesis, x-ray examination of the chest was repeated on Dec. 23, 1947, and 
the following report was made: 


Chest.—There was evidence of a homogeneous opacity obscuring the lower one-half of 
the right hemithorax. Two horizontal fluid levels were noted, apparently secondary to 
thoracentesis. This represented an encapsulated right pleural effusion. There was an ac- 
companying minimal degree of displacement of the mediastinal structures to the left. The 
lungs were otherwise well aerated. Following thoracentesis and further introduction of air, 
there was evidence of a right hydropneumothorax present within the lower one-third of the 
right hemithorax. The encapsulation was apparently located within the anterior one-half of 
the right hemithorax. The horizontal fluid level was at the tenth intercostal space. Immedi- 
ately above the level of fluid there were sharply defined nodular opacities. These measured 
4 cm. in maximum diameter. Their constancy of location suggested that they were not fibrin 





Fig. 1. Fig. 2. 
Fig. 1.—Biopsy of cyst wall showing squamous epithelium derived from bronchus (X200). 
Fig. 2.—Fibrosarcoma found in wall of cyst (X200). 


bodies. Their characteristics suggested a neoplastic origin. The pleural effusion was ap- 
parently secondary to the neoplasm. The neoplasm was located within the periphery of the 
right hemithorax. The hydropneumothorax exhibited compression of the adjacent lung. There 
was no specific evidence of communication between the apparent neoplastic contour and the 
lung. While this might be intrathoracic in origin, it was not possible to exclude a metastatic 
carcinoma. The intrathoracic origin was most consistent with neoplasm of the pleura or right 
hemidiaphragm. An origin due to metastasis such as from a primary carcinoma of the kidney 
was to be excluded. 

The conclusion was right hydropneumothorax following diagnostic thoracentesis. There 
was accompanying evidence of localized neoplasm in the right lower hemithorax. This might 
be secondary to mesothelioma of the pleura. An origin due to diaphragmatic sarcoma was 
to be considered. Extrathoracie origin could be excluded by urography. 

Laboratory studies were generally normal. The sputum and fluid removed by thoracente- 
sis were negative for tubercle bacilli and bacteria. Examination of the thoracic fluid for 
tumor cells failed to reveal any characteristic cells. 
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Operation was performed on January 5 under endotracheal anesthesia. The sixth rib on 
the right side was resected. On opening the chest cavity, no free pleural fluid or space was 
encountered. The right lower lobe was found to be markedly thickened and adherent at its 
diaphragmatie surface. The hilar structures of the right lower lobe were individually dis- 
sected and divided. Dissection of the lung from the diaphragm was very difficult. Most of the 
right lower lobe appeared to have been replaced by a large cyst. Because of the adherence 
of the lobe in various points, the cyst cavity was accidentally entered. It was necessary to 
remove a portion of the diaphragm to completely excise the cyst wall. Following removal, 
the right lower lobe was opened and several masses of tumor tissue were found growing from 
the wall of the eyst, which grossly resembled sarcomatous tissue. The thoracic cavity was 
thoroughly flushed with saline solution and no visible tumor tissue remained at the conclusion 





Fig. 3. Fig. 4. 


Fig. 3.—Anteroposterior view of chest before thoracentesis. 
Fig. 4.—Anteroposterior view of chest after thoracentesis showing irregular mass which 
proved to be tumor tissue. 


of the operation. The chest was closed with a mushroom catheter placed at the point of 
dependent drainage. The postoperative course was uneventful and the patient was discharged 
on January 31 in good condition. The pathologist reported the resected specimen to consist 
of a fibrosarcoma arising in a bronchiogenic cyst. 

The patient was readmitted to the hospital on Oct. 13, 1948, with the chief complaint 
of difficulty in swallowing. Dyspnea was noted on several occasions and this became pro- 
gressively more pronounced. At first, the dyspnea was relieved by oxygen therapy. Chest 
x-ray examination performed shortly after admission showed evidence of a metastatic tumor 
in the mediastinum invading the esophagus and displacing the left main stem bronchus upward. 
The patient’s condition deteriorated rapidly and he died suddenly during an attack of 


dyspnea on October 21. 
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SYNOVIOMA OF THE FOOT 
REPORT OF A CASE 
M. Berry Bowman, M.D., ALBANY, Ga. 


HE number of synoviomas reported in the literature would lead one to 

believe the lesion a rare one. Further contemplation, however, suggests that 
it is not the lesion but the incidence of its recognition that gives this impression. 
I am of the opinion that careful study of multiple tissue sections and follow-up 
of many so-called benign lesions of ligamentous or bursal origin will disclose 
many to be malignant neoplasms. All eases of synovioma should be reported in 
order that sufficient clinical experience and information can be promulgated to 
further the patients’ chances of survival. The distinction between the malignant 
synoviomas (synovial sarcoma, synovial sarcomesothelioma, and synovioma) 
and certain benign lesions of the tendons, tendon sheaths, and fascial structures 
often taxes the ability of the most astute pathologist. 

Attention is directed to Bennett’s! excellent review of the nature and 
function of synovial tissues, and his brief discussion of benign and malignant 
tumors derived from these structures. Haagensen and Stout? reviewed the 
literature in 1944 and found only 95 acceptable examples of true synovial 
sarcoma, to which they added 9 personal eases, making a total of 104. It is of 
interest to note that only 3 of these patients were alive and free of metastasis 
5 years after beginning treatment. It would seem that 104 cascs can hardly 
represent the true incidence of these tumors. 

The tumor in the case to be reported seemed typical of the group in that 
it appeared to grow expansively from a focal point, presented no definite capsule, 
was intimately in contact with the tendons of the region, and presented the 
characteristic texture and color. Like many another surgeon, no doubt, in my 
original attack on the lesion, I expected to find a limiting capsule, only to be 
greatly disappointed. 

Fig. 1 reveals numerous clefts somewhat resembling glandular spaces. The 
eystlike space arrangement, with mesothelial cell lining, is suggestive of tendon 
sheath, which, of course, is to be expected when the embryology of articular 
spaces, bursa, and tendon sheaths is considered. That it is a highly malignant 
tumor can be suspected from the numerous mitotic figures. The section discloses 
closely packed spindle cells or oval cells growing in solid masses. Lazarus and 
Marks’ found that those tumors presenting closely packed cells with oval or 
round nuclei were the most malignant. This case would tend to confirm this 
observation. 

There is no need to reiterate statistical data on these tumors which are 
easily available; however, it might be said that sex appears to be of no con- 
sequence, and that in the cases reported, tumor was often the first and fre- 
quently the only evidence of pathology. According to Knox,’ the average time 
of the terminal illness varied between 7 months and 714 years. In order of 
location the most common sites seem to be knee, elbow, ankle, palm of hand, 
and foot ; however, they may occur anywhere and at any place that synovial tis- 
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sue occurs. Where a positive diagnosis of synovial-cell sarcoma can be made, 
radical amputation at the earliest moment seems to be the operation of choice. 


CASE REPORT 
A 46-year-old white woman (No. 57357-37556-60442) was first seen in the office Aug. 24. 
1948, because of a fullness in the plantar aspect of the left foot. This had been present 
for about 12 months. While it was not actually painful, it occasioned ‘‘some discomfort’’ 
on weight bearing. At that time there was a rather mild, diffuse fullness of the plantar 
aspect of the foot, nontender, and somewhat of the consistency of a lipoma. A roentgenogram 
of the foot did not reveal any osseous changes and the patient was asked to return for further 





A. B. 


Fig. 1, A and B.—A and B are low- and high-power photomicrographs, respectively, of 
the specimen removed from the foot. Attention is directed to the large and dark nuclei and 
to the numerous metastases. Also note the suggestion of a cystlike arrangement with 
mesothelial cells lining the cysts. These are suggestive of tendon sheath or bursa. 


study. However, she was extremely ‘‘cancer-conscious’’ and strongly fearful of an operation, 
so instead of returning, she began a series of ‘‘physiotherapy treatments’’ with a pseudo- 
chiropodist. As the mass became progressively larger and thus more annoying on walking, 
the patient returned to the office in February, 1949, at which time it was noted that the mass 
in the plantar aspect of the left foot had increased in size. Otherwise examination remained 
the same. No femoral nor inguinal adenopathy was demonstrable. 

Local excision was advised and on Feb. 7, 1949, the patient entered the hospital for sur- 
gery. Under sodium pentothal-cyclopropane anesthesia, a semilunar incision was made in the 
concavity of the plantar aspect of the left foot and a friable mass with a rather yellowish color 
and apparent necrotic areas was removed piecemeal. No definite limiting capsule was noted 
and the mass projected ‘‘fingerlike’’ along the plantar tendons of the foot. The wound was 
closed, with a subsequent healing by first intention. 

The pathologie report was as follows: The gross specimen consisted of a large number 
of tissue fragments. The tissue had a peculiar, friable consistency, and a golden brown 
color. Part of it appeared to be actually necrotic because it was so friable. There were 
some parts that looked more like fibrous tissue, and these parts were elastic and firm. Al- 
together the quantity of tissue was about 12 Gm. 
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Representative portions were taken from this specimen for microscopic study. These 
portions showed several types of tissue. There were a few areas showing striated muscle, 
there was some fat, and there was a great deal of collagenous fibrous tissue. In addition to 
these kinds of tissues, there was also a malignant neoplasm. This was made of closely packed 
spindle cells or oval cells whose outlines were hard to distinguish. The cells grew in solid 
masses. The only structural peculiarity consisted of some perithelial arrangement. In such 
arrangements, the cells lay with their poles pointed toward small blood vessels. The nuclei 
were large and dark, and many of them contained large dark nucleoli. Mitoses were fairly 
numerous. There was practically no stroma, thin bands of fibrous tissue being seen here 
and there. Much of the tumor was necrotic. 

In places there was a suggestion of a cystlike arrangement with mesothelial cells lining 
the cyst. Such areas were suggestive of tendon sheath, or perhaps of bursa. The areas in 
question were mostly lined by collageous fibrous tissue outside the immediate single-cell lining. 
There was no unusual pigmentation in the cells as seen under the microscope. 

This was a malignant tumor of a sarcomatous type, of medium degree malignancy. 
It probably was only moderately radiation sensitive. 





Fig. 2. Fig. 3. 


Fig. 2.—This chest film was made Feb. 16, 1949, and no metastases were noted. 
Fig. 3.—In this film, made Sept. 24, 1949, extensive metastases are noted. 


Diagnosis was sarcoma (tendon sheath origin? Synovioma?) (Fig. 1). 

On receipt of this information the patient’s husband was immediately acquainted with 
the diagnosis, and amputation of the left leg at the junction of the middle and lower thirds 
was strongly urged. Again delay was encountered due to the insistence of the husband that 
the specimen be sent to 2 other pathologists for confirmation. When this was done, and the 
diagnosis confirmed in each instance, the patient finally agreed to amputation Feb. 24, 1949. 
This was accomplished without difficulty and again healing occurred by first intention. 
Convalescence was marred by phantom pain for about 3 weeks. A roentgenogram of the chest 
revealed no evidence of metastasis at the time of amputation (Fig. 2). 

The pathologie report on the second specimen was as follows: The sections from the 
operative area showed a variety of structures, including portions of tendons, fibrous tissue, and 
blood vessels, as well as a large area of granulation tissue and organizing hemorrhage. An 
enormous number of new young fibroblasts were growing into the areas described. A section 
through the suspicious area of the posterior portion of the operative field as mentioned 
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previously showed a fairly large area of very definite residual tumor composed of oval and 
spindle cells with large vesicular nuclei in which the nucleoli were remarkably prominent. 
Numerous mitoses could be seen. These cells formed a rather solid growth, and although they 
were consistent with the original tumor, they did not form the spaces lined by tumor cells 
except in one small area, which was quite distorted. The tumor showed a rather high degree 
of invasiveness and malignancy. 

Final diagnosis was synovial sarcoma. 

Final admission was Oct. 21, 1949. In the interval between the amputation and Oct. 
7, 1949, the patient was up and about, drove her car, and was fitted with a prosthesis which 
she was beginning to use rather well. However, about mid-August, 1949, she complained 
of vague, transient pains in the left cervical region. There were no clinical abnormalities 
noted, no adenopathy, and auscultation of the chest was negative. X-ray examination was 
not done for psychic reasons, After about 1 week, these fleeting pains disappeared and 
all was well until September, 1949, when she developed a very disturbing and persistent 
‘‘hacking cough,’’ fever ranging from 99° to 101° F., and, on one occasion, she coughed up 
about 2 ¢.c. of fresh blood and a pea-sized piece of tissue. This tissue was lost to us, again 
for psychic reasons. Dullness and distant vocal resonance were noted over the left hemothorax. 
A roentgenogram was taken Sept. 24, 1949, under the pretense of a probable ‘‘pleurisy,’’ 
and extensive metastatic nodules were noted in both pulmonary fields (Fig. 3). There was 
no regional adenopathy and the stump of the amputation leg was well healed. 

Because of the nature of the original tumor, it was felt that x-ray therapy had little 
to offer. For the same reason, the idea of using nitrogen mustards was discarded. Because 
of the patient’s psychic constitution, she was never acquainted with the nature of her disease, 
although her husband was informed in detail. Symptomatic treatment only was employed. 
The patient declined rapidly, and on Oct. 23, 1949, she was admitted to the hospital, placed 
under oxygen, and died suddenly the following morning. 

This patient seemed to have little or no pain; her greatest harassments were cough, 
fever, malaise, and in the terminal week, great difficulty in obtaining sufficient oxygen. She 
was extremely apathetic and never seemed to suspect what was wrong. A second roentgeno- 
gram of the chest was made Oct. 15, 1949, which disclosed marked invasion of the lungs to 
have occurred since the roentgenogram of Sept. 24, 1949. 


Comment.—The reported case appears to have followed closely the course 
of synovial sarcoma described by others. Only 14 months elapsed from the time 
of the patient’s first office visit Aug. 24, 1948, until her death. This would seem 
to contradict the original pathology report of a ‘‘medium degree malignancy.”’ 
The patient’s decline from a fairly active woman to death in the terminal 2 
months of illness was dramatic in its rapidity. In this case pain was a minor 
feature, and like the majority reported, ‘‘swelling’’ was the first indication of 
the presence of the lesion. This had been present some 10 to 12 months prior 
to her first consultation. Metastasis to the lungs was extremely rapid after 
amputation, and may have been facilitated by the physiotherapy of the pseudo- 
chiropodist and by the delay between local excision and amputation. I feel that 
Haagensen and Stout’s advice of gentle, careful biopsy followed by amputation 
as soon as the identity of the tumor is made known is the treatment of choice. 

A ease of synovial sarcoma is presented. Attention is further directed to 
the excellent description of these tumors in the references appended. 
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sad CUTANEOUS AMEBIASIS 


F. L. Kreutzer, M.D.,* San Francisco, CAuIrF. 


ARASITIZATION with Endamoeba histolytica has been observed wherever 

careful surveys have been made. Studies in the United States have shown a 
varying incidence of infection, the average being around 12 per cent according to 
references cited by Craig in 1944.1. An uncommon complication of amebiasis is 
cutaneous amebiasis, there being less than 50 proved reported cases. The gravity 
of an unrecognized and mistreated cutaneous amebiec infection when contrasted 
to the very effective proper treatment points out the importance of keeping the 
diagnosis in mind lest an unnecessary mortality result. Patients with cutaneous 
amebiasis may have no history of dysentery. In those with a previous amebic 
dysentery, the time interval between the dysentery and the cutaneous invasion 
may vary from a few weeks to several months or years. The usual cases are of 
2 types: The first follows either a surgical procedure or develops secondarily to 
a spontaneous rupture of the infected organ with subsequent infection of the 
parietes and skin. The second general type of cutaneous amebiasis involves 
the perianal skin or a region contaminated by fecal discharge and usually follows 
a chronie dysentery. Generally, amebae are found in the stools. The usual 
abdominal or chest wall infection appears as a progressively gangrenous and 
ulcerative lesion which may excavate at its edges with skin undermining. The 
uleer may extend through the subeutaneous and muscle layers and have as its 
base an abdominal viscus. Frequently the ulcer is extremely painful. The 
secondary bacterial invasion with resultant copious exudate may make it difficult 
to find the endameba. The treatment is the parenteral administration of emetine 
hydrochloride, the usual course being 0.06 Gm. a day for 10 days, during which 
the patient is watched for emetine toxicity. 

The following case is a substantiated case of amebiec cutaneous amebiasis 
and illustrates the difficulties that may be met in making a diagnosis. It also 
points out the importance of adjuvant measures to aid the emetine in the control 
of the infection. 

CASE HISTORY 

A 36-year-old Negro man was admitted to the hospital in May, 1948. He had been 
entirely well until 2 weeks prior to entry, when he developed sudden dull right flank pain 
aggravated by inspiration. During the next 3 days he developed chills and a fever to 104° F., 
and the pain became worse. He denied any previous dysentery. 

Physical Examination.—The patient was a well-developed, well-nourished man with a 
temperature of 104° F. The right diaphragm seemed to be elevated and moved less than 
the left diaphragm. He was tender along the right flank and right costal margin. A tender 
liver could be felt at the costal margin. 


Reviewed in the Veterans Administration and published with the approval of the 
Chief Medical Director. The statements and conclusions published by the author are the 
result of his own study and do not necessarily reflect the opinion or policy of the Veterans 
Administration. 
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Laboratory Examination.—The red blood cell count was 5,000,000; the white blood 

cell count was 13,400, with 83 per cent polymorphonuclears. Westergren sedimentation rate 

was 85. Urinary findings were not abnormal. The Wassermann and Kahn tests were nega- 

tive. Entry x-ray examination showed bilateral high diaphragms, the right being more 
elevated. 


Hospital Course.—The initial diagnosis was a possible right basilar pneumonia. 
The patient 


Thirteen 


stools were examined specifically for ova or parasites and none were found. 
ran an intermittent high fever and the right flank tenderness became more marked. He was 
put on penicillin, 100,000 units every 3 hours. Approximately 3 weeks after hospital entry, 
following a gradual symptomatic improvement, he developed a sudden onset of signs consistent 
with a generalized peritonitis due to a perforated viscus. It was considered that he might 
have had a ruptured subdiaphragmatic abscess, possibly secondary to a previously missed 


appendicitis or a perforated ulcer. 





Fig. 1.—Extensive cutaneous amebiasis in and around the wound following surgical drainage 
of an amebic hepatic abcess. 


At surgery, through a right reetus incision, approximately 500 ¢.c. of reddish-brown 
fluid with no odor were aspirated. There was a perforated liver abscess approximately 5 em. 
in diameter lying in the lateral aspect of the right lobe. Penicillin, 200,000 units, was instilled 
into the abdomen and the wound was closed with drains leading from the abscess out onto 
the right flank through a separate stab wound. Cultures of the fluid removed at surgery 
were sterile. Nevertheless the penicillin dose was increased to 400,000 units every 3 hours 
and he was given 2 Gm. of streptomycin a day. In spite of the negative smears and cultures 
from surgery, it was suspected that he had an amebic abscess and he was started on 0.06 Gm. 
of emetine a day, continued for 10 days. There was a copious drainage of a brownish-red 
fluid which became malodorous. The patient lost weight and ran a septic swinging tempera- 
ture to 104°F. The skin about the drains became blackened and a slowly extending, painful 
uleer arose around the draining area. Repeated warm-stage examinations of the draining 
fluid and a biopsy of the ulcer edge did not demonstrate any EL. histolytica. Nevertheless, 
he was started on a second 10 day course of emetine, 0.06 Gm. per day, 5 weeks after surgery, 


and the antibiotics were continued. This did not benefit him and numerous transfusions were 


Notwithstanding, the hemoglobin dropped to 10 Gm., with continuing loss of 


necessary. 
an 8 em. liver abscess was 


weight. Seven weeks after the first drainage a second drainage of 
done retroperitoneally. Pathologic sections of the abscess wall and the overlying muscle 
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and subcutaneous tissue did not show amebae. Again, cultures from the abscess were sterile. 
A persistent purulent drainage developed from the thoracic wound while the drainage con- 
tinued from the stab wound of the first operation. Two months after his first surgery he had 
extensive and extremely tender ulcers about both wounds. (Fig. 1 shows wounds.) The base 
of the uleer was covered with copious amounts of foul-smelling, bloody-tinged, purulent 
material. The edges were irregular in outline and were undermined at some of their bounda- 
ries; the skin extending peripherally from the actual edge of the ulcer was darkened with a 
cooked appearance and beyond that there was an area of erythema. The ulcer extended very 
deeply and in its deepest portion the liver could be seen. Dakinization of the wound was 
begun, and systemic mixtures of sulfathiazole and sulfadiazine were given in addition to the 
other antibiotics. Frequent surgical cleansings of the wound under local anesthesia made up 
of a crystalline penicillin and procaine mixture were done. Cultures at this time showed 
a hemolytic Staphylococcus aureus and a gamma streptococcus. Under these measures the 
wound became a little cleaner. From the bacteriologic findings and the many negative amebic 
studies it was thought that the patient might have a synergistic postoperative infection and 
he was started on local air-sealed dressings of activated zine peroxide, which were changed 


once a day. The drainage became less foul and copious, but the patient continued toxic, lost 





Fig. 2.—Appearance of the wound 1 year after the initial entry. 


weight, and needed frequent transfusions. Prior to the zine peroxide dressings the wound 
had been so foul that many warm-stage fresh preparations for ameba had shown very little 
besides leucocytes and necrotic debris. Following the improvement with the zine peroxide 
treatment, approximately % months after his initial entry, EF. histolytica were demon- 
strated for the first time on direct warm smears. Accordingly, a third course of emetine 0.06 
Gm. per day was given for 7 days. In addition the wound was packed with a 1:1000 emetine 
solution after being irrigated with sodium bicarbonate solution. The zine peroxide treat- 
ments were stopped. Gradually the temperature dropped from a height of 104° F. daily to 
normal. The wound became cleaner and some granulation tissue appeared at the base of the 
wound, but it remained very tender. After the cessation of emetine, the wound was irrigated 
several times daily with 1 per cent carbasone and a 2 per cent sodium bicarbonate solution. 
At this time the patient had lost 50 pounds since his entry. A few EF. histolytica still showed 
in the wall of the ulcer, while cultures of the wound showed hemolytic Staph. aureus, non- 
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hemolytic streptococci, and Bacillus proteus. As the ulcer, after some initial improvement, 
remained stationary, the carbasone and emetine irrigations were stopped and zine peroxide 
treatment started again. The wound improved, but as the patient’s fever recurred with the 
cessation of all antiamebacides, he was started on a fourth course of emetine about 4 months 
after entry. After each zinc peroxide pack removal, the wound was irrigated with 1 per 
cent carbasone in 2 per cent sodium bicarbonate followed by a fresh activated zine peroxide 
dressing. In addition, he was given another amebicide, carboxymethothioarsenite, 50 mg. 3 
times daily, which was continued for 12 days. Under this combined attack, the wound cleaned 
up rapidly and the patient became and remained afebrile. To hasten the healing process, 
segments of the ninth and tenth ribs were resected and the 2 ulcerated areas connected to 
provide better drainage. After 20 days of emetine it was stopped because of early toxic 
electrocardiographic changes. The patient continued to improve steadily and regained 25 
pounds. Six months after entry a secondary closure of the wound was performed under general 
anesthesia and healing was uneventful subsequent to this. The patient was discharged ap- 
proximately 6144 months after entry and a checkup visit a year after his initial entry showed 
the patient to be in good general health. (Fig. 2 shows the appearance of the wound at 
that time.) During this hospitalization he had required 9,500 ¢.c. of blood and had received 
2.70 Gm. of emetine over 4 courses before the infection was finally controlled. 


SUMMARY 


The presented ease illustrates some of the difficulties of diagnosis and treat- 
ment of cutaneous amebiasis. Initially, in spite of an adequate general exami- 
nation, the hepatic amebie abscess was missed, resulting in perforation into the 
peritoneum. Had the abscess been discovered preoperatively and treated by 
closed aspiration and emetine, it is possible that all of the complications might 
not have developed. Berne,? Ochsner and DeBakey,* and other authors pointed 
out that closed aspiration and emetine administration reduce the mortality of 
hepatie amebie abscess to its lowest figures. 

After laparotomy, in spite of the administration of a course of emetine 
together with massive doses of penicillin and other antibiotics, the surgical 
wound would not heal and a progressive, gangrenous uleer developed. Even 
with a strong suspicion of amebiasis, repeated search did not demonstrate any 
amebae in the wound. The patient became gravely ill and the ulcer increased 
in size. The culture of nonhemolytie streptococci and hemolytic Staph. aureus 
from the uleer and its general appearance made the resemblance to postoperative 
progressive bacterial synergistic gangrene striking enough so that treatment with 
activated zine peroxide dressings was initiated. Under this attack the foulness 
due to bacterial organisms was greatly reduced and the endamoeba finally found. 
Both eneysted and trophozoite forms were demonstrated. Finally, by a combi- 
nation of repeated wound débridement, dekinization, irrigation of the wound 
with carbasone, and repeated emetine courses, the patient was cured. 
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Horizon in Surgery 


HE steady advances in technology, with the aid of better anesthesia, sup- 

portive measures, and antibiotics, permit surgeons to look about for new 
horizons to explore. Perhaps it could also be said that extirpative surgery has 
reached its zenith, and that we are now in a period of great progress in psysio- 
logic surgery. 

But it is apparent from the amount of interest and effort being expended 
in our laboratories on the transplantation of tissues and organs that we could 
be on the threshold of a still greater era in surgery, were it not for certain gaps 
in our knowledge about homotransplantation of human tissue. 

Overwhelming evidence from numerous divergent sources indicates that 
homografts of all types of tissue eventually are destroyed or replaced by the 
host tissue. Bone acts as a framework through which new cells grow. A degree 
of success has been obtained with corneal grafts, but many of them cloud after 
a few weeks. Aside from a few successful instances in identical twins, homo- 
grafts of skin vanish after a brief period of survival. 

Arterial homografts show excellent immediate functional survival when used 
in the aorta, but may undergo marked degenerative changes, with caleium deposi- 
tion, after transplantation under well-controlled experimental conditions. Such 
an aortic segment, if used to replace a defect in a great vein, usually will be- 
come an organized strand of thrombus, fibrous tissue, and calcium. Thus, the 
expansile force and free flow of blood in the aorta are the agents which keep 
the graft open, while the host cells, most of which are fibrocytes, invade the 
transplant. The duration of function of renal and gland homografts is short. 
Lastly, although we had hoped that the eartilage in tracheal homotransplants 
would afford a permanent framework for the growth of new tissue, it appears 
that here, too, the host will usually replace the graft with contracting fibrous 
tissue. 

It seems unlikely that blood groups have much to do with the failure of 
homografts to survive. Many attempts to desensitize grafts and the host have 
been fruitless. Similarly, preliminary treatment of the graft by blood, serum, 
or plasma extracts has not vielded consistent results. The weight of evidence 
seems to indicate a sensitization to the foreign cells or their proteins which de- 
velops an allergic response. 

Extracorporeal preservation of homografts for long periods has been accom- 
plished, but the unsolved problem is how to maintain the cellular integrity of 
the homograft after it is implanted in the host. Once we have this answer a new 


era in surgery will have begun. 
—F rank Gerbode, M.D. 


























NEWER CONCEPTS IN THE TREATMENT OF SEVERE 
EXTENSIVE BURNS 
T. G. BLocker, JR., M.D., GALVvEston, TEXAS 


(From the Department of Plastic and Mazvillofacial Surgery, the University of Texas 
School of Medicine) 


ie EST in burns has been stimulated within recent years by improvement 
in general and local therapy and by the occurrence of large numbers of 
thermal injuries in major conflagrations (particularly the Cocoanut Grove and 
Hartford fires), industrial accidents, war wounds, and civilian bombings. 
Studies based on the observation of survivors of the atomie bomb explosions at 
Hiroshima and Nagasaki would seem to indicate the need for planning for the 
handling of burn patients on a truly massive scale in the event of a future war. 
Contrary to what might be expected, localized radiation burns appear likely 
to be a serious problem only among scientific workers handling radioactive 
materials. Liebow, Warren, and DeCoursey,' in their study of the pathology 
of atomic bomb casualties, and recently Evans? have pointed out that beyond 
the zones of total destruction of life, irradiation burns play only a small part 
in so far as casualties are concerned. Characteristic lesions are flash burns of 
extremely high temperature and very short duration which are complicated by 
abnormal susceptibility to infection in view of depression of the bone marrow 
by sublethal radiation damage. 

Within the United States there occur yearly, according to the latest avail- 
able statistics (1947), approximately 8,000 deaths from burns of all types. 
The reduction of this high mortality rate and, equally as urgent, the proper 
management of patients with severe extensive nonfatal burns, are matters of 
immediate importance in surgery and medicine. General treatment of the burn 
patient began to take precedence over local therapy about 10 vears ago, although 
plasma had been used as an adjunct to other measures for some time before and 
the use of whole blood was advocated as far back as 1925.° Tannie acid spray 
was officially condemned in 1942‘ for use among Army personnel, chiefly because 
of the danger of suppuration concealed beneath the coagulum. Pressure dress- 
ings first proved their worth on a widespread scale in treatment of the Cocoanut 
Grove disaster victims by the staff of the Massachusetts General Hospital.® 
Local use of sulfonamides either in powder form or in ointments was much in 
vogue during World War II and was used routinely in Colebrook’s burn unit 
at Glasgow,® but it has fallen into disrepute because of renal complications and 
severe systemic reactions as a result of unpredictable absorption and marked 
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individual sensitivity. [*ine-mesh grease-gauze or rayon, and saline solution 
and isotonic Dakin’s solution wet dressings are now the materials of choice for 
immediate local coverage of burns in most hospital centers. They are not ideal 
preparations, but they are greatly to be preferred to the hundreds of proprietary 
substanees now on the market which if not actually detrimental to wound heal- 
ing are either expensive or sold with false claims of ‘‘curative’’ effects. At 
our unit at the present time we use Furacin-impregnated gauze routinely for 
acute burns; with evidence of infection we employ dressings wet with a solution 
of 1:4000 Zephiran and 1, per cent acetic acid in normal saline solution injected 
through Dakin tubes. We have had no experience with local application of 
aluminum foil, which has recently been advocated by Brown, Farmer, and 
Franks’ and also by William Johns.* 

One recent advance in local therapy of burn wounds is the tendency for 
dressings to become standardized and for patients to be sent for early treatment 
to centers where so-called burn teams are available. The care of even 1 person 
with extensive severe second and third degree burns is too much of a burden 
for the average general practitioner or surgeon unless he has adequate help. 
We have found that dressings can be changed quickly and efficiently under com- 
pletely sterile conditions by setting aside definite scheduled periods in the 
operating room each week for such a purpose with 4 members of the resident 
staff at hand, sufficient nursing help, and an anesthetist to provide analgesia 
to the point of amnesia only. Except for the outer covering of elastic bandage 
all layers of the pressure dressing are applied longitudinally. Large strips of 
Furacin gauze and standard ‘‘Burn rolls’’ are employed, which ean be easily 
removed by flushing with quantities of normal saline solution and quickly re- 
applied with a minimum of exposure and trauma to the patient. If demarcation 
of a third-degree burn is complete at the time of the first dressing, the slough 
ean be removed by free excision with the Ferris Smith skin graft knife in prep- 
aration for early grafting a few days later. Hands are put up in the position 
of function, a precaution apt to be neglected among doctors who treat burns 
only oceasionally, and the knee and elbow joints are dressed in the extended 
position. Extremities are kept elevated through the entire healing period to 
encourage lymphatic drainage and prevent the damage which ensues from 
accumulation of gravitational edema fluid. 

Recent experimental work by Rhinelander, Langohr, and Cope® on the 
physiologic basis for the therapeutic use of pressure dressings brings out the 
conclusions that the chief benefits are probably immobilization and protection 
against injury and possibly infection. Lymph flow from burn areas is in excess 
of normal even with restrictive bandages, and loss of plasma volume, while 
retarded, is not eliminated and presumably not reduced. In our opinion, the 
shifting of localized accumulations of edema fluid from the burn itself to 
adjacent injured tissues is the most logical explanation for the fact that patients 
with pressure dressings properly applied experience such marked alleviation 
of pain and discomfort. 
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Pyruvie acid as an aid to separation of the slough has been subjected to 
extensive clinical trial, but although it is an effective agent, most workers have 
abandoned it for routine purposes chiefly because of the excruciating pain which 
it produces in some instances. We employ it only in patients with deep exten- 
sive third degree burns where it is obvious that all of the nerve endings of the 
involved skin have been destroyed. The esechar is crosshatched to allow the 
pyruvic acid to penetrate to the entire depth of the wound and produce a chem- 
ical débridement. Siler’? has mentioned the possible use of an existing collagenase 
in combination with some substance which would attack the keratins of the skin, 
and studies are now in progress along this line by Evans and associates. 

Immediate excision and grafting of acute third-degree burns as advocated 
by Cope, Langohr, Moore, and Webster" and Young’? is only occasionally possible 
and practical. Since the introduction of pyruvie acid, however, there has been 
a growing interest in the possibilities of shortening the period of morbidity of 
the burn patient by early grafting following surgical excision of the slough 
approximately 7 to 10 days following the initial trauma. Response in our 
patients has been most dramatic, and similar satisfactory results have been 
reported by Mason'* '* and others. 

Perhaps the most interesting advances in burn treatment within recent 
years have been with regard to the patient’s general management. The rationale 
of therapy during the shock-edema phase of acute burns with multiple trans- 
fusions of whole blood combined with oral administration of saline-bicarbonate 
solution was clearly presented in 1945 and 1946 by a number of workers (for 
example, Evans and Bigger,’® Abbott and associates'® '* MeDonald, Cadman, 
and Seudder'® and Lockwood‘) following the initial experimental studies of 
Rosenthal,'® Fox,?° and Moyer and Coller.*'. There have been in addition many 
studies on the physiology and pathology of extracellular fluid and electrolytes 
by sueh men as Gamble, Van Slyke, Darrow, Homer Smith, and Marriott. There 
is always a lag, however, between reports of new techniques in the literature 
and accepted practice. Meanwhile, there has appeared a profusion of formulas 
for estimating requirements for plasma, fluid, and blood on the basis of amount 
of body surface burned, hematocrit, hemvglobin, blood volume, anticipated 
tissue space expansion, et cetera, which have made the problem of carly treat- 
ment of burns seem overcomplex and obscure. The whole subject has been 
somewhat clarified lately in a short article by Mover”? on the chemical supportive 
therapy of thermal injury, which re-emphasizes the salient points in effective 
treatment of burns. 

Thermal trauma fits into the general adaptation syndrome as postulated 
by Selve, and the initial shock phase is characterized by the typical findings 
which make up the alarm reaction: namely, hypothermia, hypotension, hemo- 
concentration, increased capillary permeability, hypochloremia, tissue catabolism, 
and depression of the nervous system. The pathways by which the phenomenon 
of stress brings about this striking svndrome are as yet unknown. We are 
inclined to believe that the solution may be found eventually in the tissue culture 
laboratory in the study of individual cell reactions to outside stimuli. For 
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example, in preliminary observations it has recently been demonstrated by 
Pomerat”* that the granules with normal, intensely rapid, Brownian movement 
in the cytoplasm of nasal mucosa epithelial cells from allergic individuals sud- 
denly cease all activity when the specifie antigen is introduced into the chamber 
of the tissue culture. As a working hypothesis it would seem that the colloidal 
properties of the protoplasm have been changed by the foreign protein to a 
reversible gelation state. Having solved the problem of the technique of grow- 
ing living epithelium in vitro,?* we are now engaged in studies related to the 
effect of high temperatures on cells, optimum growth factors, influence of drugs, 
and burn extracts, and other projects related to the pathology of burns and 
the regeneration of injured epithelium. 


The question of etiology of burn toxemia has never been settled. Many 
workers feel that it is due entirely to a shift of fluids from one body compart- 
ment to another. Certainly Moyer has demonstrated clearly that water intoxi- 
cation may account for many of the symptoms formerly aseribed to the burn 
per se, for example, vomiting, headache, delirium, and even convulsions. Since 
employing oral sodium-bicarbonate-saline solution and restricting drinking water 
we have noticed among our own patients definite decrease in the incidence of 
nausea and vomiting, and absence of mental disturbances. Rosenthal, in 1943,’° 
in working with experimental burns in mice, mentioned that the ingestion of 
water orally was ‘‘without benefit if not actually deleterious.’’ He noted also 
that ‘‘The acute mortality following burns in mice is closely related to a dis- 
turbanee of the sodium: potassium balance in the body as well as the escape of 
fluids from the cireulation,’’ and mentioned that Seudder®® before him had 
postulated the toxicity of potassium in burn shock. Fox, with Keston?* and 
Baer,”’ studied fluid and electrolytic imbalance in experimental animals by 
means of radioactive sodium. He reported loss of potassium by cells at the 
site of injury, followed by sodium replacement. Hydration of uninjured cells 
(concealed edema) results from lowered osmotie pressure of the extracellular 
fluid, which is decreased among normal tissues and increased tremendously at 
the site of injury. Plasma potassium values, while elevated, are lower than 
those in normal animals poisoned with potassium. Rosenthal, however, believed 
that shocked, sodium-depleted animals are abnormally sensitive to potassium. 
Further investigations of its effects are being carried out among clinical subjects, 
for example by Keith and Burchell,?* now that improved laboratory methods are 
at hand, and are being correlated with electrocardiographie and other signs of 
toxicity. 

Meanwhile, Cullumbine and co-workers*® have reported the existence of a 
polypeptide of low molecular weight, leukotaxine, which can be isolated from 
inflammatory exudate of various sources. It is destroyed on incubation with 
serum or plasma and is not present in the blood. Subeutaneous injection into 
rabbits, however, causes marked local edema and a reproduction of the findings 
in the blood picture following severe burns. As a curious fact, they have dis- 
covered that this edema fluid is also toxie when aspirated and injected into a 
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third animal only if a period of 48 hours is allowed to elapse. Fluid recovered 
earlier does not reproduce the same effects. 

The primary changes attendant upon burn shock include loss of circulating 
plasma volume, circulating red cells, and plasma protein. The apparent hemo- 
concentration is due in part to a more rapid loss of the fluid elements of the 
blood. Actually there occurs immediate loss of total red cells from direct 
destruction at the site of injury and from increased fragility as a result of 
morphologic changes brought about by thermal injury, as has been shown by 
Ham, Shen, and co-workers*®® in studying the phenomenon of cell spheroidicity 
in vitro and in vivo. In burns of great severity we have found free hemoglobin 
to be present in the serum to such an extent that it interferes with accurate 
blood volume determinations. In addition to the absolute decrease in total 
number of red cells, Ricker and Regendanz*! have pointed out that stagnation 
of blood in the dilated capillary bed of the injured area is also a factor in the 
reduction of circulating blood elements. 

The use of plasma as the initial replacement fluid in burn therapy is far 
less efficacious than transfusions of whole blood from the start. In extensive 
third degree burns we usually give 1 or 2 L. during the first 12 hours, regulating 
the amount and the rapidity of administration by the degree of shock present. 
At the same time the patient is urged to drink large quantities of bicarbonate- 
saline solution (4 Gm. of sodium chloride and 1.5 Gm. of sodium bicarbonate 
per liter of distilled water); if vomiting oceurs, 500 ¢.c. of Ringer’s solution 
is given intravenously before resumption of oral fluids. At the end of 12 hours 
the patient’s condition is re-evaluated on the basis of clinical appearance, tem- 
perature, pulse, urinary volume and specific gravity, red blood cell count, hemo- 
globin, and hematocrit. If the hematocrit is still 50 or above and the patient’s 
condition seems grave, transfusions are continued until there is evidence of 
subsidence of shock. Thereafter, and in less severe burns as well, blood is given 
in 500 ¢.c. amounts daily or every other day in an effort to prevent the develop- 
ment of intractable anemia. 

At the end of the initial stage of burn trauma, 48 to 60 hours after injury, 
edema fluid and sodium are mobilized and diuresis occurs. At this time the 
administration of the oral modified Haldane’s solution is discontinued, and 
water substituted. Acute renal insufficiency, if it occurs, is treated by con- 
servative methods, limiting the fluid intake to urinary output plus adequate 
allowance for insensible water loss. Olson and Necheles*? and DeVries and 
Albertson**® feel that marked disturbance of renal function can be correlated 
with the amount of free hemoglobin present in the plasma, and they have recom- 
mended the use of 2.5 per cent sodium sulfate as a diuretic in the event of 
anuria. They reported that sodium sulfate is nontoxic and may be given safely 
in large amounts; the mechanism of diuresis appears to be reduction in reab- 
sorption capacity of the tubular epithelium with a resultant increase in the 
osmotic pressure of the fluid in the lumen of the tubules. Odel,** in a recent 
article, stated, however, that sodium sulfate is toxic and cannot be excreted 
satisfactorily in acute renal failure. 
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All workers agree on the importance of combating negative nitrogen balance 
in burn patients by administration of protein in amounts far in excess of normal 
individual requirements, in addition to repeated transfusions of whole blood. 
Levenson and associates*® have recently shown that the increased demand for 
protein is directly related to the extent of the third degree burn. [or the past 
2 years, after the second day we have force-fed our patients by means of a con- 
stant drip into the stomach through a small intranasal flexible plastie tube. 
We formerly employed a solution of liver protein hydrolysate*® but now use a 
whole-protein mixture containing milk, eggs, dextrose, and protolysate which 
supplies per liter 150 Gm. of protein, 346 Gm. of carbohydrate, and 57 Gm. of 
fat. The caliber of the tubing is that of an 18 gauge needle, which is fitted into 
the end of the tube and may be attached to an ordinary Murphy drip bottle 
apparatus. The tubing is easily inserted and is tolerated by the patient without 
discomfort, even while he is swallowing solid food. It may be left in place 
indefinitely without signs of irritation. Recently we have devised a pump 
which delivers the protein mixture at a constant rate, overcoming any tendency 
for the tube to become clogged and allowing us to keep the solution in a vacuum 
bottle at a temperature low enough to prevent decomposition. This supple- 
mentary feeding is calculated for each patient on the basis of 2 to 4 Gm. per 
kilogram in addition to the regular hospital meals and supplementary vitamins. 
We have found it of particular value in patients with old, neglected burns of 
several weeks’ or even months’ duration who are brought in for treatment in 
a state of profound malnutrition, anemia, and nitrogen imbalance. 


Infection of burned areas is anticipated and avoided as nearly as possible 
by the following means: employing the most rigid sterile precautions in the 
initial local treatment and in every subsequent dressing; isolating patients in 
separate rooms or cubicles, air-conditioned if possible; routine use of penicillin 
and other antibiotics as indicated; and most important of all, keeping the patient 
in optimum condition generally. The use of wet dressings has been mentioned 
previously, as has the advantage of early excision of the slough wherever prac- 
ticable. 

The prime objective in grafting of burns as quickly and completely as 
possible after injury is the coverage of raw surfaces to prevent loss of protein 
and electrolytes, improve the nutritional status of the patient, and avoid exces- 
sive scarring and contractures. Cosmetic considerations must be sacrificed as 
a rule for the time being and considered as a later problem in reconstruction 
after primary healing has taken place. Grafts are cut with the dermatome as 
thin as feasible for the best take, and we find that a backing of rayon coated 
with glue allows them to lie flat on the recipient areas without the necessity of 
being anchored in place by stitches. 

An important forward step in the treatment of burns would be the solution 
of the problem of homografts, which are at present of extreme value in ocea- 
sional cases as a temporary dressing for patients with marked signs of toxicity. 
Much experimental work is in progress to analyze the phenomenon of ‘‘melting’” 
of the homograft tissue, which usually occurs in 5 to 7 weeks after application 
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to the host, except in the case of identical twins. We have had at our institution 
recently a proved demonstration of growth of homografts on a burn patient with 
no signs of dissolution at her death, which occurred 5 months later from renal 
infection and lithiasis associated with congenital absence of one kidney.*" 

During all stages of treatment of the burn patient, every effort must be 
made to maintain his morale by diversional therapy, daily visits by all members 
of the staff as they make rounds, and an opportunity to become acquainted with 
other patients. Nothing, however, inspires more confidence and optimism than 
the routine practice of dressing severe burns under light analgesia in the 
operating room. The patient has already received such an overwhelming insult 
to every organ system that further traumatic stimuli are very poorly tolerated 
and may, in fact, delay wound healing. 

Newer concepts in the treatment of severe extensive burns are based upon 
a broader understanding of the disturbed body physiology following both general 
trauma and the specific trauma of thermal agents. Therapy is in a constant 
state of flix, and while it must never be allowed to become static, nevertheless 
there is a néed for standardization of treatment to take care of existing problems 
and those which might be expected in the event of major civilian and military 
catastrophes. 

Within recent months it appears that the open-air or exposure treatment 
of aeute burns advocated by Kyle and Wallace** offers a partial solution to the 
perplexities of mass therapy of burn catastrophe victims. Pulaski has treated 
over 40 patients by this method, and we have had most satisfactory results in 17 
cases. We have found that fewer of our patients require grafting and that the 
morbidity and length of hospitalization are considerably lessened. Certainly the 
open-air technique should have wide clinical trial at the hands of as many oper- 
ators as possible. 
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Book Reviews 








Peptic Ulcer. By A. C. Ivy, Ph.D., M.D., D.Se., LL.D., M. I. Grossman, Ph.D., M.D., and 
W. H. Bachrach, Ph.D., M.D. Pp. 1144. Philadelphia and Toronto, 1950, the Blakiston 


Company. 


In this volume Doctor Ivy and his associates have summarized the most significant 
experimental and clinical data relating to gastric and duodenal ulcer. The authors them- 
selves have made important contributions in this field and are eminently qualified to 
present such a critical review. 

The enormous material is so skillfully organized that the whole ulcer problem is 
clarified and simplified for the reader, whether he be an advanced researcher or a novice. 

The volume is divided into four sections: Part I, Introduction to the Problem of 
Peptic Uleer; Part II, On the Pathogenesis of Peptic Ulcer; Part III, The Diagnostic 
Problem; and Part IV, The Treatment of Peptic Ulcer. 

Each chapter in the book is concluded with a summary, and each section is concluded 
with a summarizing chapter. This device adds much to the clarity of the presentation. 

The surgeon will welcome this book as a guide to a better understanding of the ulcer 
problem and as a stimulus to further investigation as well as for the excellent evaluation 
of the results of surgical therapy in patients with peptic ulcer. 

Truly, as Dr. Balfour has said in the foreword to the volume: ‘‘The publication 


of this book is a significant event in Medicine. ’’ 
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